
b-$ .*

Final. Report

Contract # 03-5 -oz-76
Research Unit # 38
Reporting Period May 13, 19?5 to

January 31, 1977

A Census of Seabirds
on the

Pribilof Islands

Joseph J. Hickey, P.I.
F. Lance Craighead, Research Assistant

Department of Wildlife Ecology
Russell Laboratories

University of Wisconsin
&tison, Wis. 53706

February 1, 1977



TABLE OF CONTENTS

Abstract . . . . . . . . . . . . . . .
Acknowledgments. . . . . . . . . . . .
Introduction . . . . . . . ...*..

General Nature and Scope of Study
Specific Objectives . . . . . . .

.
●

✎

✎

✎

.

.
●

●

✎

.

.
●

●

●

●

✎

✎

✎

✎

.
●

✎

✎

●

. .

. .

. .

. .
● ✎

Relevance to Problems of Petroleum Development.

Study Area. . . . . . .* . . . ● ● . . ● ● * ● .

Sources, Methods , and Rationale of Data Collection
Ledge-nesting species ● . c
Burrow- and crevice-nesting

Results. . ● ● ● ● “  ● ● * ● c  ●

Photographic Sample Counts.

Daily Attendance. . . . . .
Thick-billed murre . .
Common murre . . . . ●

Red-legged kittiwake c
Black-legged kittiwake
Nmar. . . . . . .
Red-faced cormorant.
Parakeet auklet.  . .
Crested auklet . . .
Least auklet . . . .
Horned puffin. . . .
Tufted puffin. . . .

Reference-ledge Counts. .

Quadrat Counts and Flight

Productivity Counts . . .

Discussion . . . . . ● . ● ● .
Estimate of Error . . . .

.
●

✎

●

✎

✎

●

✎

..,*
species

●

●

✎

✎

✎

✎

●

✎

✎

✎

✎

✎

✎

●

✎

.

.

.

.

.

.

.
●

✎

✎

●

✎

✎

●

●

.
●

✎

✎

✎

●

●

✎

●

●

●

✎

●

✎

✎

.

.

.

.

.

.

.

.

.

.
●

✎

✎

●

✎

. . .

. . .

. . .
Photographic Sample Counts
Flight Counts. . . . .

Population Estimates. . . .
The Species on St. George .

Thick-billed murre . .
Common murre . . . . .
Red-legged kittiwake .
Black-legged kittiwake
Fulmar. . . . . . .
Red-faced cormorant.’.
Parakeet auklet.
Crested auklet
Least auklet .
Horn;d puffin.
Tufted puffin.

Conclusions. . . . . . .

Bibliography . . . . . .

.

.

.
●

✎

✎

. 0

. ,

. .

. .

● *

●  . *

.,

.

.

.

.

●

✎

●

✎

✎

✎

✎

●

✎

✎

✎

●  ✎ ☛

.

.

●

✎

.

.

●

✎

.

.

.

.

.

.

.
,
.
●

✎

●

✎

✎

✎

●

.

.
●

✎

✎

✎

✎

●

✎

●

●

●

✎

✎

●

✎

●

✎

✎

●

.

.

.

.

.
●

✎

✎

●

●

✎

✎

✎

●

✎

✎

✎

✎

✎

●

.

.

.

.

●

✎

✎

✎

✌

✎

✎

✎

●

●

●

✎

●

✎

✎

✎

●

✎

✎

●

●

●

●

✎

●

●

✎

✎

✎

●

✎

●

●

✎

.

.

.
●

✎

✎

●

✎

✎

✎

✎

●

✎

✎

✎

☛

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

✎

●

✎

●

●

●

✎

●

✎

✌

✌

●

✎

✎

✎

✌

✎

●

●

●

●

✎

✎

✎

✎

●

●

✎

✎

●

✎

✎

●

●

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

☛

●

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

✎

●

✎

✎

●

✎

✎

✎

✎

●

●

●

✎

●

✎

●

✎

✎

✎

.

.

.

.

●

✎

✎

●

✎

●

●

●

✎

✌

✎

●

●

●

☛

●

✎

●

✎

●

●

●

●

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

●

✎

✎

●

✎

✎

✎

✎

●

✎

●

●

●

●

✎

✎

●

✎

●

●

✎

●

✎

✎

✎

✎

●

✎

✎

●

✎

✎

✎

●

●

●

✎

✎

✎

✎

2

:
.,
● .
● *

6

10
,.
. .

24
0

.

.

.

.

.

.

●

.

.

.

.

●

●

●

.

,

.

.

.
●

✎

●

●

●

●

●

●

✎

●

●

●

58
.
●

✎

●

✎

●

✎

●

✎

✎

✎

●

✎

✎

●

✎

●

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

●

●

✎

✎

87

90

●

✎

✎

●  10
.18

.26

.26

.
●

✎

●

●

✎

●

✎

●

✎

✎

.

.
●

●

●

✎

●

●

✎

✎

●

.45

.45

.45

.58

. .

:6;
.71
.
.
●

✎

●

✎

✎

●

✎

✎

✎

.

.

.

.

.

.

.
●

✎

✎

●

9

.

.
●

.
●

●

.

.

.
●

●

.

.

.

.

.

.

.

.
●

.
●

.

.

1

30
30
3 0
30
37
37
40
40
40
40
40

58
62

‘j’l
n’
79
80
82
82
83
84
84
86
87



ABSTRACT

A census of seabirds nesting on the Pribilof Islands, principal
a

St. George Island, was undertaken in the summers of 1975 and 1976.

Ledge-nesting species were estimated from cliff photographs by means

aof a stratified sampling technique, the counts being adjusted with

correction factors for variation in daily and hourly ledge attendance

for counts of thick-billed murres.

(kevice-nesting  species on cliffs of St. George were estimated by

using species-proportion figures based on counts of 63 reference ledges.

Quadrat and flight counts were usedto estimate the least auklets at a

large inland colony. Census work on Walrus Island was omitted due to the

absence of nesting birds on the former, where sealions  have taken over

the flatrocks, md Otter Island where the small number of birds did not

encourage an investment of the manpower we had available. Order-of-

magnitude estimates for St. Paul were obtained by using St. George 9

oversll densities.

It was concluded that the numbers breeding on St. George in 1976

involved 1.5 million thick-billed murres; 250,000 least auklets exclusive

of beach-boulder nesters that could not be satisfactorily censused;

220,000 red-legged kittiwakes; 190,000 common murres; 150,000  pars,keet

auklets; 72,000 black-legged kittiwakes; 70,000 fulmars;  28,000 horned

puffins; 28,000 crested auklets;  6,OOO tufted puffins; and 5,(jo0 red-

faced cormorants. The least auklet numbers were probably down from

those witnessed by previous ornithologists. The red-legged kittiwakes

here appear to have their main stronghold in the North Pacific. Exploita-

a
tion of St. George’s seabirds by locsl Aj.eut people in 1975-76 was trivial.

An important threat to the reproductive success of the ledge-nesting

●
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3

birds will occur if St. George is ever used as a sea- or airport petroleum

development. The total population, on the order of 2.5 million nesting

birds on this 19.9-by-8-km island, would appear to make it the largest

seabird colony in the Northern Hemisphere.

The total. number of

a quarter of a million.

very small, numbering in

The investigators

following people:

Ronald C.

seabirds nesting on St. Paul was on the order of

The total on Otter Islemd was reported to be

the low thousands.
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Ia
INTRODUCTION

General. Nature and Scope of Study

No systematic census or population estimates of the seabirds of the

Pribilofs  has ever been attempted, although for almost a century

ornithologists have reported their numbers as in the “millions.” The

project reported here will provide enumerational  data on what suppos-

edly is the largest aggregate of colonial birds anywhere in North

America, as a baseline on which to estimate any subsequent effects and

environmental impact of petroleum exploration and development on the

birdlife  of this part of the Bering Sea.

Estimating large numbers of colonial seabirds  is a problem with

several unique difficulties. The most obvious of these being (1) the

number of birds present on the cliff is in a constant state of flux

due to arriving and departing birds.

varies dmong species with the hour of

breeding season. (2) Several species

The pattern of this fluctuation

the day and the date during the

nest underground, and their numbers

have to be estimated indirectly, i.e., by counts of birds present on the

surface or by flight counts of arrivals and/or departures. (3) Large

numbers of nonbreeding birds of some species are present in the colonies.

We have attempted to account for these difficulties on a species

by species basis, the @mount of effort expended on any given species

being roughly commensurate with its importance, numerically, in the

Pribilof ecosystem. In this regard, we have calculated the numbers and

productivity of thick-billed murres (1,500,000) with more consideration

than those of tufted puffins (6,000).

Abbreviations of’ species names in our report are given in Table 1. a
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TABLE 1.

ABBREV-
IATION

Tables
BI
BK
BN
CA
CM
CN
DF
F
HP
LA
LF
PA
RC
RI
RK

~&/

TP
UK
UM

ABBREVIA3!IONS USED IN TABLES AND GRAPHS IN THIS REPORT

SPECIES.—

Black-1 egged kittiwake incubating
Black-legged kittiwake
Black-legged kittiwake nest
Crested auklet
Common murre
Red-faced cormorant nest
Dark-phase fulmar
Fulmar
Horned puffin
Least auklet
Light phase fulmar
Parakeet auklet
Red-faced cormorant
Red-legged kittiwake incubating
Red-legged kittiwake
Red-legged kittiwake nest
‘t’hick-billed murre
Tufted puffin
Unidentified kittiwake
Unidentified murre

SPECIE
?’COD~

8810060301
8810060301
8810060301
8810070801
8810070101
8804o1o1o4
88030202010002
8803020201
8810071001
8810070802
88030202010001
8810070701
8804o1o1o4
8810060302
8810060302
8810060302
8810070102
881oo711o1
881OO6O3OO
8810070100

Graphs and Tables
MC Murie Cove
PP Pinnacle Point
RFc Rosy Finch Cove

&/ as used in magnetic tape supplied to NOAA with this report.

-b/
~ TM = percentage ofnwucimum number of thick-billed murres present on
cliff at this time.

MaxTM= maximum number of thick-billed murres present on cliff during
the day.



Specific Objectives

The primary task of this study is to define a major biological ●
population which is sub~ect to potential impact by petroleum explora-

tion and development in the Bering Sea. The particular objectives of
a

the project are twofold:

(a) to obtain close estimates, for as many species as is practical

within the time frsmework of this study, of the breeding seabirds

on the Pribilof Islands, and

(b) to explore the possibilities of obtaining refined estimates of

those additional nesting populations that do not readily lend

themselves to conventional census techniques.

Relevance to Problems of Petroleum Development

Seabirds, because of their large numbers and high visibility, are

valuable indicators of the health of a marine ecosystem. Because of their
a

importance in the ecosystem, and their high vulnerability to oil, their

numbers are a natural index to the effect of oil on the biology of the

area. Birds will be among the first species to be affected by oil

pollution, and the techniques to monitor their numbers are now being

developed. A repeatable census technique or techniques for colonial

seabirds is essential to understanding the effects of oil and gas

development on the outer continental shelf.

STUDY AREA

The study area comprises the islands St. Paul, St. George, Otter,

and Walrus. With the exception of Walrus Id., a low, flat rock, the
a

islands are surrounded by cliffs of varying heights. Bird colonies
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are found on all cliff areas around the islands, among talus slopes

at the bases of the aliffs (and in one case inland), and among beach

boulders. The largest areas for nesting, and the greatest avian

populations, occur on the cliffs of St. George. St. Paul is consider-

ably less populated, and Otter has the fewest

three islands. Although large populations of

reported in the past on Walrus, there are none

nesting birds of the

nesting murres were

nesting there presently

due to the establishment of a rookery

(Hunt pers. comm.).

In 1975 and 1.976 we concentrated

there by Stellar’s sea lions

our census work on St. George,

St. Paul was intensely surveyed over a 5-day period in 1976. Otter and

Walrus, being difficult to approach and less significant in terms of

total bird numbers, were not visited.

St,

than St.

George is composed primarily of basaltic lava

Paul (Hopkins 1975). St. George is encircled

and is older

by 48,7oo meters

of cliff. Of these cliffs, 33,5oO meters are over 61 meters high (200

ft.), 14,4oo me over 122 meters high (400 ft.), 5,300 are O=r 183

meters high (6OO ft.), and h,200 are over 244 meters high ( 800 t%).

Thk highest clif~s are 308 m high (1,012 ft.) (Table 2),

We estimated total cliff area at 3,537,550 m2 (Table 3) not including

low cliffs less than 5m high.

St. Paul is lower and

island is composed of sand

The cliffs of St. Paul are

more weathered than St. George. Much of the

and sand dunes, and beaches are more prevalent.

mainly restricted to the West and South sides

of the island. There are 11,400 meters of cliff, 2,450 of which are over

61 meters high. The highest cliffs are 116 meters (379 ft.) (Table 2 ).

We estimated total cliff area at 454,975 m2 (Table 3) not including low
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TABLB 2. PmBmoF CLIFFS DIVIDED INTO 61-M. STRATA

a
St. George Cliffs Divided Into 61-meter  Strata

Strata

Lengths estimated from photographs

Length in Meters a

Stratum 1 0 to 61 m in height
‘~l~ffs over 7’.62 m high

Stratum 2 61 m to 122 m in height—-——
Ledge 48 to N Sealion Point
Shag Rock Cove
Black Cliffs-Umanagula-Red Bluffs
Rush Pt.-Stara’yaArtel (minus Needle Point Gap)

Total

Stratum 3 122 m to I-83 m in heifht—-.
Rush Pt. N-Suskarlogh Pt.
Needle Rock environs
HiEh Bluffs
First Bluff

Total

Stratum 4 183—--— -—
High Bluffs

Stratum 5 21+b—.—
High Bluffs

m to 244 m in height

m and above

Strata

48,700

1,800
400

13,200
18,100—. ——
33,500

5 ,9(?0
1,500
6.200
800

im-mo

St. Paul Cliffs Divided Into 61-meter Strata

Len@hs estimated from maps

5,300
a

4,200

Stratum 1 0 to 61 m in hei~ht
‘ffs over 7.62 m hi@]

Length in Meters

11,400

Stratum 2 61 m to 116 m in height
~n~~-&to Bluffs 2 ,45(-)
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TABLE 3

ESTIMATES OF TOTAL CLIFF AREA

St. GeorRe

Stratum 1
48,7oo III x 34 m

Stratum 2
33,500 m x 30.5 m

Stratum 3
14,400 m x 30.5 m

Stratum 4
5,300 m x 61 m

Stratum 5
4,200111x 30.5m

Total

Stratum 1
11,400 m x 34 m

Stratum 2
2,450m x 27.5 m

Total

Cliff Area % &Total
1,625,2oo m2 1?

1,021,750 m2 29$

43~,200 m2 12%

323,300 m2 o~.,

128,100 m2 h%

3,537,550 m2

St. Paul

387,600 m2

67 ;375 m2

454,975 m2

85%

15%



cliffs less than 5 m high.

The weather on the Pribilofs during the breeding season is change- ●
able and patchy from hour to hour across the islands. Fog and wind

predominate, and rain is frequent. In 1975 there was almost constant

rain and fog early in the season (June). In 1976

emd clear generally until late July when the rain

through August. The lee side of an island was generally clearer. The

only weather pattern we found to be ubiquitous

wind. This occurs in a thick fog.

the weather was fine

began and continued

was a steady rain with no

souRcEs, hmoDs, A.iiD RATIONALE oF DATA COLLECTION

nest

The seabirds nesting on the Pribilofs consist of six species that

on cliff ledges:

thick-billed murre (Uris lomvia).—
common murre (U. aalge)
black-legged k~tiwake (Rissa tridactyla)
red-legged kittiwake (R. brevirostris)
fulmar (Fulmarus glaci~is), and
red-faced cormorant (Pha.1.acrocorax  urile);

and five species that nest underground:

parakeet auklet (Cyclorrhynchus  ~sittacula)
crested auklet (Aethia cristatella)
least auklet (A. yusilla)
horned puffin Fratercula  corniculata),  and
tufted puffin (Lunda cirrhata).

Ledge-nesting species. —The conventional method of counting cliff-nesting

birds on islands has been to photograph the birds from aircraft (Nettleship

1975). There has been some conjecture as to how to interpret these data,

since under various conditions a pair may be represented by more, or less,

than two birds. In censusing murres, the Canadian Wildlife Service tries a

to photograph murres before the nonbreeders arrive (late June or early
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July in eastern Canada) and at the same date md hour each year.

(Nettleship,  pers. comm. ). In this approach, the Canadians assume

each bird equals one pair. The bias in this assumption may be cancelled

out in year-to-year comparisons, but the potentisl bias remains real

in single-year data.

To understand this potential. bias and to be able to correct for it,

we undertook daily ledge-attendance counts of major species.at given

study ledges as often as possible throughout the season. These counts

were made at various parts of the island from first light (about 0400

local time) until dark (about 2230) in 197’6. A complete count of the

ledge was madewery 30 minutes. Locations of these ledges are given in

Table ~ and Fig. 1. Ledges 53, 57 and 21, 22, 23 were used.

In 1976, during the latter half of incubation of thick-billed

murres (the predominant species), two complete sets of photos of the St.

George cliffs were taken; one set on i’ and 15 July, the other on 29 July.

Sections of the higher cliffs were photographed again on 5 and 6 August.

This phase of the project was dependent on perfect weather.

Even on clear days, portions of the higher cliffs usually were clouded.

Photos were taken on Tri-X 220 film using a Pentax 607 camera with 105-mm

lens and W filter. We were unable to use slower film because of geners3

overcast conditions and deep shadows on the North-facing cliffs. A 13-ft .

inflatable Avon boat with 25-HP Evinrude engine was

platform.

In order to determine the relative proportions

used as a photographic

of the various species

on ledges, we arbitrarily divided the cliff areas into five different

strata. Stratum 1 includes all cliff areas O - 61m high; stratum 2,

61-122 mhigh; stratum 3, 122-183 m high, stratum 4, 183-244 mhigh; and
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TABLE 4

ST .  GEORGE ID.  STUDY AREAS {CONTINUED)

1 3

REFERENCE LEDGES
s O U T H W E S T

COORDINATES

563250 N’1693913M
563250N169391UW
563251N1693Q15W
563222N1693$04M
563218 N1693751h’
563218~16937619w
S632!7N16937!4W
563215N1693706M
563Z10N1693621kJ
563i!03N1693455k
563159N1693434W
563150N1693412111
563236N!693848M
563?3W1693833WJ
563Z31N1693832M
5632Z5N1693817M
5632Z3N1693813W
5b3222Nf6938!lN

●
BEACH SECTION

W E S T

Z4PADNI HEACH c~IFF.s 563420NIfs93958W5b3448N169fAO&2w

REFERENCE LEDGES
WEST.

LEDGE 2~ S T  G[,flQGE
LEPGE !~ 37 GEfl~GF
LEDGE IR ST GEQ~GE
LEDGF i7 ST GEOfJGF
LEDGE lb ST GEnR(;E’
LEOGE 1 5  ST GEORGE
LIlfIGIE 1~~ S T  GEORGE
LE13GE 13 ST GFCJRGE
LEDGE  1 ?  S T  GE(IRGF
LEPGf 11 S T  GE(lRGE
LEBGE ff) sT [:E(lRGE
L.EGGE  9 S T  GEORGE
LF.OGE R ST GE(lFGE
LEDGE 7  S T  GFIIPGF
LEDGE 6 S T  GFORGE
LEDGE 5 S T  GEORGE
LEDGE U ST GEORGE
LEDGE 3 S T  GEORGE

5b3452~16941!2~
563452 N149u Iz4M
563US2N\6f?4!33W
5634$4N1694143N
5fs3457N169U200w
563458N1694207W
563502N1694216kJ
5h3504Nt694228w
5b35fJ7Nlb94233W’
5b351(lNlbQ4Z48~
5b3510Nlb94300w
563512N169f1318W
563514t41b9U35Q~
5b3520N~6944413W
563S24N$694453H
563526N169UU55W
563S461U1694508W
543552NI69451OW
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0
stratum 5, 2&308 m high. Only strata 1 and 2 occur on St. Paul. We

then established reference ledges in the various strata and permanently

recorded them with photographs and/or numbered metsl tags; 63 such areas

were set up on St. George and 35 on St. Paul (Fig. 2). Because of

limited vantage points with views of the

an impossibility. We therefore tried to

every vantage point we encountered where

cliffs, random locations are

set up reference ledges at

there was a section of nesting

cliff that could be defined. Definitions were made by taking polaroid

photos in the field which were then marked with permanent ink. These

were later transferred to high-quality photos taken at the same time

with the Pentax 607 or a 35-mm camera. We placed numbered metal tags at

the s~t where the observer stood. Coordinates for St. Paul study areas

are given in Table 5.

These reference ledges are valuable for providing future indices of

population change. A set of photos of these ledges accompanies the data

tape.

auklet

inland

One reference ledge consists of an observation point where least

flights can be counted, and one is a vantage point for the entire

least auklet colony where fixed -d r~dom quadrat co~ts were m~@=

To provide a random sample of the cliff-nesting population, we

located sample points around the island on a set of contact prints of

the cliff areas. I@ndom number tables were used; 100 samples were taken

in rough proportion to the amount of total cliff area represented by eaeh

stratum. Thus stratum 1, 467 of total cliff area, had 46 samples taken;

900-m2 samples were

corner. If’ pti of

line delimiting two

taken using

the quadrat

strata, the

the random point as the lower left-hand

was above cliff level or overlapping the

quadrat was moved up or down

accordingly. If a quadrat overlapped a cliff top and a stratum
.-

line, it was extended to the right until the edge of the photograph

was reached and then left. 990-m2 was estimated using the height (from
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St. Paul Id.  Study Areas

REFERENCE LEDGES
W E S T

D BEACH SECTIONS
S O U T H W E S T  A N D  S O U T H

COORDINATES

S7f?16N1702336W
571~16N170g34uW
571&!l!3N17(?a3U8N
5712?oml17@i?351w
571202N$70Z35YW
571200N170a3581%
57! 158N17024tIOl+i
571Z17N17023U2H
5711!55N17024Q3w
57!i\SN170a4d6WI
s7tlu7N170z412wl
$7114bN170Z4j3w
571143~17(12422w
S71!42N17024?7111
$17!136N1702436MJ
571129N17(IZ44SW
!$71027N1702u51N
571023NI7O2US4W’
‘57fo10M170zil!j7w
571015N170Z457WJ
571023 NI7O2457N
572QZ9N170Z450hi
571043PJI7O244I3W
!37jlzjN$70~443W
5~it!4~l?Ot?44i?M
57110sNi7(lzuulw
571106N170a441w
57110SN170244Z!M
571102NI7OZU42W
571057NI7OZ445M
571051t’J170i?u50w



maps) of vertical cliffs as a reference. Photographic roll numbers on

St. George Id. are given in Figs. 3-7, In counting birds, U-in. by lb-in.

enlargements were used.

Burro-and crevice-nesting species. --A sampling scheme for censusing

talus nesters has been worked out on St. Lawrence Island by B~dsrd

(1969) whose technique was to lay out quadrats 14.2 by 14.2m, the

observer stationing himself 40 or more meters away between 5 and 8 AM

during the few days preceding laying (and coinciding with minimum daily

attendance of immature birds in the colony and maximum activity of

breeding birds on the surface of the slope). This involves msking

tsllies every 30 minutes during the 3-hr. period on three successive days.

This procedure further involves (1) ignoring the highest count in each

series in order to correct for abnormal values resulting from disturbance

and (2) averaging the 2nd-3 3rd-y and 4th-highest census figures for

each quadrat.

We employed a modification of this technique in 1976 with the

inland least auklet colony on Ulakaia Ridge.

on the hillside 1100 m by 100 m, and laid out

the 175-, 450-, and 750-m points. These were

for two all-day counts, and one count at peak

1500 local time. We averaged the 2nd-, 3rd-,

each quadrat.

We set up a grid system

three 10-m2 quadrats at

counted every 30 minutes

attendance from

and Lth-highest

We also used the grid system as a reference to estimate

areas in the telescope field , and took’ four series of random

1030 to

figures for

10-m’

lo+r12

18’

quadratsbylocating a random point

60Xto count the area. These were

on the colony surface, between the

on 15X and zooming down to around

done at times of peak attendance

200- and 900-m grid points. Because 9

both fixed- and random-quadrat  counts required perfectly clear weather,

a few fh starts resulted. We had extremely good fortune with the o

weather, however, on the days we chose.
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All the least

they pass over the

auklets flying in

road and airstrip

24.

to the colony can be observed as

west of the village. Seven 2&hour

counts were made during the season by counting every other 10 minutes.

Birds were estimated in groups of 10 or in groups of 100 when larger –

numbers passed. A similar all-day-count was made from the inland vantage

point of birds leaving the colony. c

NO large colonies of crested, parakeet, and least auklets were

located in tslus slopes at the base of cliffs at the Northwestern end

of the island. Because landing by boat was extremely difficult and

time and weather limiting, we photographed these in color with the

Pentax 607 and made counts from the photos.

Approximations of the numbers of burrow- and crevice-nesters on

the cliff faces were made using the species proportions we obtained

from our reference ledges. Only those counts made at times of the day

when auklets should have been in attendance are valid, although this

greatly reduces the sample size on St. George. On St. Paul, all reference
@

counts were made at times when auklets were in attendance.

RESULTS

In 1975 a 3-H P=ty consisting Of JO J“ HickeYs

and R. C. Squibb reached St. George Island on 21 June.

cliffs were set up, all-day flight counts were carried

F. L. Craighead,

Fifteen reference

out of least auklets

(flying west of the village into their colony On Ulakaia Ridge) and murres

( flying east to west off Staraya Artel ) , and an aerial survey of the

cliffs that resulted in 306 positive prints was carried out on 1 August

by J. G. Bartonek of the U.S. Fish and Wildlife Service. Hickey left

St. George on 14 July, Craighead on 8 August, and Squibb on 13 August.
a

Frequent almost daily fogs were found to preclude the possibility of

planning satisfactory aerial surveys of the ledge-nesting species, and

plans were therefore inaugurated to photograph the cliffs from a boat in
o

1976.
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In 1976 the field season began on St. George when Craighead arrived

m on 5 May. At this time the island was about 80$ snow covered, with cornices

and ice clinging to the North and West-facing cliffs.

B
The prevailing winter winds had piled drifts on the Western, lee, side

of the island from Zapadni Bay NW to Dalnoi Point. In early May, both

red- and black-legged kittiwakes , common murres,  fulmars, cormorants,

and least auklets were seen. Thick-billed murres were first seen on

cliffs on 10 May (on North slopes, 17 May). Horned and tufted @.affins

were first seen on 18 May. Parakeet and crested auklets were not seen

until 25 May, but we assume they arrived at roughly the ssme time as

least auklets.  They were seen offshore on 20 May. According to St.

George Aleuts, it was an unusually late spring. The pack ice left in

the last days of April}and  the final thaw was about 27 May. There were

m

still large patches of snow on the least auklet colony at Ulakaia Ridge

well after egg-laying. Snowdrifts persisted throughout the summer on

the Western side of the island.

Ron Squibb and John Cary arrived on 2 June,and  the field work began

in earnest. Three study ledges were selected on different parts of the

island where the major species (thick-billed and common murres, red-

and black-legged kittiwakes, and fulmars)were represented. We tried to

do daily ledge-attendance counts at one of these areas every other day.

A flight count of least auklets and a quadrat

after a circuit of ledges had been completed.

ally good during June, and we managed to do an

count were done on days

The weather was exception-

all-day count at each of

these sites every 10 days to two weeks. We divided these counts into 3

shifts with a different man taking the early shift each time. Besides

giving everyone an equal chance for the easy counts, this should have

dampened any effects of inaivichua.1 bias. In between days of attendance



counts we

coded and

Clt?EU d~

Cary

gridded the hillside at Ulakaia, visited reference ledges,

consolidated data, and otherwise waited for calm seas and a

to photograph the cliffs.

left St. George on 16 July with the first full set of cliff

,
26

0

9
photographs. On the same day, Squibb and Craighead flew to St. Paul to

try to photograph the cliffs there using George Hunt’s Zodiac. Unfor-

tunately, the weather turned bad and remained bad--rough seas and fog--

until 22 July when we returned to St. George. We were able to

counts of 35 reference ledges on St. paul which we permanently

as on St. George.

establish

recorded

We continued daily ledge attendance counts and flight counts on St.

George on a reduced scale with only two men, and again photographed the

cliffs on a near-perfect day. The majority of St. George reference

ledges were set up at this time. Craighead left on 11 August and Squibb

left on 18 August. 9

Photographic Sample Counts

Murres, kittiwakes,  and light-phase fulmars were

photographs with the results seen in Tables 6 and 7.

counted from

Daily Attendance

Daily attendance counts were made regularly at three sites: ledge

57 (ROSY Finch Cove),

(Murie Cove). Counts

every 30 minutes from

dance counts of shorter periods were made at ledges 1, 2, and 25.

Counts were also made of least auklets  on the surface of the colony in

3 fixed 100-m2 quadrats at site 56 (Ulakaia Ridge), and of least auklets

flying into and from the colony.

ledge 53 (Pinnacle Point) and ledges 21, 22, 23

were made of birds present on a given cliff area

first light until dark whenever possible. Atten-

0



, TABLE 6

St. George Island 27
1976

Numbers of Birds Counted in 900m2 Random
Quadrats Sampled from Photographs

Stratum 1

Sample No.

26
18
16
15
14
13
12
10
8
?
4
2
1
38
80
95
93
8’7
71
56
30
31
34

?;
41
47
20
50
52
53
55
57
58
61
65

::
67
75
81
82
99

100
42

102

Manes Kittiwekes Fulmars

98
94

4%
47
0

26
20(?

o
251
5P

3~e.

103
107
237
33

4:
56

251
3 0 5
24

2 2 6
1 8 8

34:

45;
156
318
177

4 5
106
2 3 8
1 4 4
3 8 7
192

6;
25f+
106
28g
3 9 6

0
0

91
99
10
17
4
0
4

113a
21
48
9
0
la

35
28
17
9
4

ii
4

71
28
72
35

6:
0

35
21
2
8
4

18
38

K
44
35
32
59
16

114
57
0
0

5!
o
7
0
0

5$
0
2
l a

%
86
67
22
0

7!
5

50
55
0

11
19
0
2
0

13
27
25
21

3;
129
58
23
39
0

26
0

4;
14
0
0

Stratum 2
I *
Semple No. Murres Kittiwakes Fulkars

23
25
19
11

6

9:
92
85
28
29
32
33
36

;;
45
k8
49
51
54

2;

%
73
96

101
$)8
39
27
9

339
670
11
0
7a

445
113
121

:;
795
156
135
48

235
1,187

892
313
k88
176
537

6;
b20
208
247

0
353
424
32

135
297

68
115

32
0

18
23*

73
16
6

56
37
87
8
3

11
178
215

9
11

?;
o

14
95

$
5

23,
32

4;
157

42
18
0
0

4$
9

6:
60
93
0
4
0

4;
58
3

23
1

37
0
8

37
3

17

4:
0

2$
1

25

(Table continued on next page)



TABLE 6 fcon’ t ~

St. George Island
1976

Numbers of Birds Counted in 900m~ Random Quadrats Sampled from Photographs (continued)

Stratum 3

Sample
No. Murres Kittiwakes Fulmars—. —

24

3

83

72

76

88

89

44

h6

60

63

79

70

97

0

726

768

149

184

152

221

359

91

457

162

10

112

242

12

118

21

158

49

0

163

182

91

130

18

33

70

37

0

66

18h

72

124

212

0

0

12

8

1

0

0

10

Stratum 4

Sample
NQ . Murres Kittiwakes Fu~ars——

17 0 0 0

94 17 88 0

91 92 81 0

21 Zla 33P 2?

74 133 220 0

77 20 176 0

91,800m2 ssmple~
3,537,550md total area = 2.5%

Stratum 5

Swrple
No. Murres Kittiwakes Fulmars—

22 64 250 0

84 85 537 0

17 17 785 0

78 25 466 2

of total cliff area sampled

d is a mean of two counts by different

“ ‘htiiwe a a

rvers.
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Table 7

Rlean

standard
. deviation

standard
error
of mean

number of
sample
counts

B*aa % of;

Stratum 1

Kitti-
Murres wakes Fu.lmIars— .  —

150.32 n.20 22.26

134.51 31.60 29.12

19.8 4.6s 4.29

46

13.17 14.90 19.27

St. George Island 1976

Mean Number of Birds per 900s12 Photo Qua&at

Stratum 2

Kitti-
Murres wakes Fulmars—  .
280.09 55.’?5 20.72

288.22 63.35 24.79

50.95 11.20 4.38

32

18.19 20.08 21.14

Stratum 3

Kitt&
Murres wakes Fulmars— .  —

259.5 77.28 49.21

239.48 62.52 73.44

64.00 16.71 19.63

14

24.66 21.62 39.89

Stratum 4

Kitti-
Murres wakes Fulmars— —  —
47.16 150.66 .3

52.79 120.33 .82

21.55 49.13 .3

6

45.70 32.61 --

I
Stratum 5 1

1

Kitti- 1
Murres wakes Ful.mars.— I
47.75 509.5 .5 “ I

32.22 220.5 1

16.Kt 110.26 .5

4

33.74 21.64 --
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Thick-billed Murres .--Thirteen all-day attendance counts and three

shorter counts were made of thick-billed murres. Twelve all-day counts

can be grouped in 4 clusters (Figs. 8-11) representing before egg-laying,

egg-laying, incubation> md hatching periods. We ran correlation matrices

of these curves (1) between each successive curve at a given site to

demonstrate seasonal variation in ledge attenduce  and (2) between the

three sites in a given cluster to demonstrate congruency of the curves

or synchrony of behavior. The matrices between successive curves at a

given site are shown in Table ~.

only two ledges, 21 and 22, were used for calculating correlation

coefficients at Murie Cove thrc?ughout the season. A third ledge, 23,

was included in the count on 25 June and is included in the graphs.

The matrices among all three sites at a given time in the breeding

season are shown in Table 9.

Common Murre. --Four all-day attendance counts and 3 oounts over

shorter periods were made on common murres. An example of curve produced

is included (Fig. 12).

I

a

Red-legged Kittiwake--- Five all-day counts, and 1 count over a shorter

period were made of red-legged kittiwakes. An example of a curve produced

is included (Fig. 13). Earlier in the breeding season these curves were

flatter with less fluctuation in numbers present. During the times we

photographed the cliffs, red-legged

constant at maximum levels.

Black-legged Kittiwake.--Six

over a shorter period were made of

kittiwake  numbers remained fairly

all-day attendance counts, and 1 count 9

black-legged kittiwakes. An example of a

a
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TABLE 8. SEASONAL VARIATION CORRELATIONS
Thick-billed Murres

●
I LedEe 57--Rosy Ftich Cove (RFC)

D
1 2 3 4

Site Date RFC 615 RFC 623 RFC 706 RFC 804

1. RFC 615 1.000
2. RFC 623 - ● 93? 1.000
3. REC 706 -.662 .732 1 ● 000
4. RFC 804 -.093 .349 .498 1.000

No. of observations - 24

Ledge 56--pinnacle  Point (PP)
1 2 3 4

Site Date PP 619 PP 628 PP 710 PP 7?0

1. PP 619 1.000
2. PP 628 -.769 1 ● 000
3. PP 710 -.843 .898 1.000
4. PP 730 -.487 .246 .189 1.000

NO. of observations - 24

Ledges 21,22--Murie Cove (MC)
1 2 3 4

Site Date MC 617 MC 625 MC 708 MC 807

1. MC 617 1.000
2. MC 625 -.693 1.000
3. MC 708 .805 - ● 211 1.000
4. MC 807 -.563

● 539 -.407 1.000

No. of observations - 24



TABLE 9. ISLAND-WIDE SYNCHRONY CORRELATIONS
Tnick-billed  Murres

15 to 19 June (Number of observations—32)
—-

1 2 ---T-
RFC MC PP

1. RFc I 1.000
2. MC

● 397 1.000
3. PP I -.120 .440 1.000

23 to 28 June (Number of observations32)

1
RFC

2
Mc

3
PP

1. WC 1.000
2. MC .863 1.000
3. Pp .765 .752 1.000

6 to 10 July (Number of observations–37)

I RFC MC PP

1. RFc I 1.000
2. MC .097 1.000
3. Pp I .640 -.132 1.000

30 July to 7 August (Number of observations—37)

I
1 2 3

RFc MC PP

1. RFc 1 ● 000
2. MC .889 1.000
3. PP .736 .738 1.000a
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curve produced is included (Fig. 14). During the times we photographed

the cliffs, black-legged kittiwake numbers remained fairly constant at

maximum levels.

Nmar --- Seven all-day attendance counts and two counts over shorter

periods were made for fulmars. An example of a curve produced is included

(Fig. 15). Earlier in the breeding season these curves were flatter.

During the times we photographed the cliffs, fulmar numbers remained

fairly constant at maximum levels.

Red-faced Cormorant .--Five all-day attendance counts were made for

red-faced cormorants. An example of a curve produced is included (Fig. 16).
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Parakeet Auklet .--Nine all-day attendance counts and one count over a

I

shorter period

curve produced

of time were made of parakeet auklets. An example of a

is included (Fig. 17).

Crested Auklet .--One attendance count for part of a day was made of

crested aukl.ets. This curve is included (Fig. 18).

Least Auklet. --Seven 2b-hr. flight counts were made throughout the

season of least auklets flying inland to the Ulakaia Ridge Colony. One

count of birds flying seaward was made. Examples of these curves are included

(Figs. 19-22). Three all-day fixed quadrat counts smd two counts over a

shorter time were made on the surface of the Ulakaia colony. Four counts

of random quadrats on the colony surface were made.

Horned Puffin. --Three all-day attendance counts and one count over a

shorter period were made of horned puffins. The curve produced by the
Q

shorter period count is included (Fig. 23).

Tufted Puffin. --One count during part of a day was made of tufted

puffins. The curve produced is included (Fig. 24).
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Reference-Ledge Counts

We carried out 89

45

ledge counts of 42,766 birds on St. George (Table 10)

and two partial. ledge counts that

800 ft. the commonest species was

concentrated on cormorants only. Below

the thick-billed murre; above 800 ft,

the red-legged kittiwake. We found it impractical to census ledges of

known equal size. Counts between 1200 and 1590 hr (Table 10) are referEed

to later in this report as Partial Reference Counts.

On St. Paul, we counted 23,123 birds onhO ledges (Table 11).

The proportions of species in each stratum were calculated from the

reference ledge counts on St. George and St. Paul. For St. George, one

set of figures was derived by using all reference

another set was derived by using only counts made

counts (Table 12), and

from 1200 to 1500 hours

(Table 13) . On St. Paul sll counts were

suiting in one set of species-proportion

made from 1200.’

figures (Table

to 1500 hours re-

14).

Quadrat Counts and Flight Estimates

The least auklet population on Ulakaia Ridge was estimated by using

three methods: counts of fixed quadrats located in the center of the colony

(Table 15) , counts of randomized telescope quadrats (Table 16), and by

flight-count data (Table 17). The area of the colony was estimated, and

the number of birds on the surface of the colony was calculated (Table 18).

Productivity Counts

Productivity was estimated for murres (Table 19) and for fulmars  (Table

20) at various sites on St. George Island. Murre ledges

the birds were fltished. Fulmar ledges were observed all

number of chicks and eggs present.

were visited, and

day to note the
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TABLE 10

1976 Reference Led[

BK (nests) incubating

Count,s  St. George Island

RK (nests) ~ncubatlng

—

:A
.

0
0
-1
0
0
0
0
0
0
0
0
b
o
0
0
0
2
0
0
0
0
@
2
0
0

4;
14
0
0

0
0
9
1
0
0
0
0
1
0
0—

83
—

—

IP

o
3
9
0

;
o
2
0
0
0
4
0
0
2
2
3
3
2
0
1
4
4
2
2
L5
6
1
0
?3

o
0
1
0
0
0
0
0
0
0
0—

97

—

P
.—

0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
2
0
0
2
3
0
0
4

0
0
1
0
0
0
0
0
0
0
0—

14
—.

Max
!TM m

76 120
81 %4
85 361
75 140
-f$l ’73
76 266
75 2L5
75 208
75 316
76 1,1
76 157
81 119
89 58
79 238
75 225
75 257
75 P 36
76 92
75 197
;: 237

151
78 446
94 101

207
;; 251
75 900
87 2110
76 1297
98 133
97 753

81 1~
81 164
85 186
75 300
76 191
76 66

CM RC (nests) LF (DF)

10
24
2 2
15
0
16 I
o

28
10
0
0

10
4
0
0

27
12
2

11
5

3:
18
2
1

6: 2
42
0
0

33 1

PA

6
23
60
9
4

18
11
14
11
0
4

19
0
2
7

14
15
6

12
11
1

22
10
4
0

L15
L83
L97

4
L03

9
5

25
12
9
6

16
0
1
2

17

987

LA

o
2

23
5
E
1
0
3
2
0
0
0
0
0

12
10
13
8

13
0
1
9
0
7
0

4!
!05
o
3

3
1
3

21
2
7

19
1
2
1
0

Ledges O
1050

*1445
1525

*1330
1035
1110
1140

*1215
*1225
*1345
al~oo
l~lo
1540
1030
11>0

*121O
+1250
1105
1130

*13L5
*1400
*1L+20
1620

*12011
1925

*lZjO
1500-163

*1230-141
16L15

1630-173

1505
1510
:530

*1320
● 1350
*lLHI
● i220
iOC5
:015
1030
1535

1 0  f t .
19
9
8

13
20
45
46
47
48
49
50
51
52
53
16
15
14
18
17
12
11
10
7 bottom

26
38 bottom
!apadni beac?l
Village E
Village W
6 bottom

Village
Unmarked
ledges R55711 It

It tl
ledges R556II ,,
ledges R556!1 R555II R553PI 11

1! 11

M R558

26
38
6
0
0
5

31
20
17
21

5:
103
49

2
34
0
8
4
8
2

12
3

4:
172
368

5
358

0
0
2
0

2
0
5
1
8
2

24
25
3
0
0
4

23
9

11
8
4

32
79
35
4
h

17

:
0
6
1
k
1
1

21
115
205

0
234

0
0
1
0
2
0
0
3
0
6
0

0
7
0
0
0
1
7
1
6
59
4

18
15
94
0
0

17
0
0
1

;
11
1

4;
55
?10
6

~93

o
0
0
0

:
0
0
0
0
0

0
3
0
0
0
1
1
0
2
31
3

;
50
0
0
v
o
0
0
0
4
5
0
0

13
21
7’9
0

50

0
0
0
0
0
0
0
0
0
0
0

0
2
0
0
0
1
1
0
1

26

;

4;
o

..:
0
0
0
0

:

5
20
55

4;

o
0
0
0
;

o
0
0
0
0

2
1
2
0
0
2
3
0

13
0
0
0
4
9
0
0
0
1
0
0
0
0
0

12
0

18
15
21
2

10

0
1
0
0
0
2
0
1
0

:

16
0
2
0
0
8
0
3
2
0
3
0
0
3
0
0

28

:
22
52
15

57;
o

23
254
lL1
22
41

6;
14
0

:
0
0
0

!

91
295
307
105
58

22
23
2
0
0
4

19
7
8
5
4

16
52
25

:
14
0
3
0
6
1
3

;;
14LI

o
165

0
0
1
0
2
0
0
3
0
5
0

202 3
3

?

2
8

3

184
156
237
31

119
96
52

188
169
193
177
70

148
180
115
348
95

155
181
675
.836
986
130
730

143
133
158
225
145
50
40
50
10
69

134

0
4
8

2
0
0
0

10
2

79 13
79 87
85 158

L28 31 t27 4

b=

.
1304 1426 - 8 8 8

1&22 886 649
859 .282 43C u,756
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TABLE 10

19?6 Reference Ledge Counts St. George Island (con nued

m

779
41J4
130
152
379
282
309

25
103

CA m

o 3
10 32
0 0

0
: 9
0 2
0 1

0 1
0 0

11 48

0 4
0 0
0 0
0 0
0 1

16 :
0

12 11
26 lk
38 19
15 6
2JI 2
0 2

: 2:
0 0
!) 5
0 54
3 1

h2 2

?6 162

!P

o
0
0
1
2
0
,0

0
0

3
=
o
0
0
0
0

1
‘r
2

:
3
0
‘o
o
1
0
Q
2
0

4

‘7

—

LIP (DF)

‘f: 1
0

%
9
7

8 1
1

m%
PM ‘m

—

u—

;
o
0
0
0
0

0
0—
7
.
0
0
0
0
0

22
57
26
76
57
2
0
0
0
0
0
0
0
3

8
—
51

—

RC (nests)

o
0
2
0
0
0
0

4 4
0

-=d-==- BK (nests) incubating

o 0 0
0 0 0
5 0 0
2 2 ’ -
3 2
15 13
1 1

1 0 0
0 0 0

HRK (nests) incubating

o 0 0
2 1 1
6 0 0
0 0
00
15 9
1 0

0 0 0
0 0 0

CM PA

11
5:

6
3
1
0

5
0

Ledges 100-200 ft.
1625 24 middle 94 829

911 1$40
98 133
99 154
89 426
77 366
72 429

54
21
22
0
0
7
0

0
0

1620
1645
1520
1730
1900
1925
1545.

7 top
6 top
32 lower
35 lower
37 lower
38 middle

Unmarked
ledges R558I* L608

90 26
73 HI.161+4

9 ledges~n 104 27 18
6 0 0

15 U 10
0 0 0
0 0 0
1 1 0
1 -

25
41 ::
21 19
12 -.
20 lZ

0
: 1
18 13
24 19
lk 10
74:
4
57 3: 20
0 0

3 3

24 10
8 1 1

6 0 0
3 3

23 3
14 5 4
0-

6: 3: -

50 31
18 9
16 11
0 0

47: 28; :
3 2
8

27 ;
66 53 “:
67 29 23
20 0 0

1 0

87 6 4 29142573

L&@ 2
n % - -

1-300 ft.
5 34

1
0
3
3

60
26
Tf
$

11
10
16
0
0
0

k;
33

30

98 309
98 ;;:
98
98 273
94 151

303
174
104
268
142

857
979
704
592
640
210
219
1202
303
760
387
150
530
707

232

0
0
0
0
a

83

E
21
137
38
55
2

:
8

8;
o

37

1
0
0
0
0

0
7 5
0
0
0
0
0
0
0
2 .2
0
1
0
1

0

10
0
0

126
1

$
85 2
40
b5
3

4!

::

:
80
6

2

* 1400
●  1400
@ 14(30
1617

* ~15
* 1225
* 1300
* 1320
* 1345

1514
1520
1600
1730
1820
1850
1925

* 1350
1700

- 14ul

22
21
23
24 lower

top
25
27
28
29

95 902
95 1031
96 733
97 610
98 653
99 212
99- 221
98 1227
89 3ko
83 916
77 503
‘fZ 208
76 697
93 760

81 286

10,314

30
31
32 upper
33
35 top
36
37 top
38 top
39
Unmsrked
ledges L60(II L6K

;83 847 476
120 40 36

k65?64 .“
?63 283
73 45 30

U 7. r28 2
20 ledges~n

(Table coptinued on n@xt page)
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TABLE 10

19?6 Reference Ledge Counts St. George Island (continued)
Max

Time Location m CM BK (nests) incubating RK (nests) Incubathg PA LA CA HP TP RC (nests) LF (DF) $TM ~~

Ledges  3~0-LOO  ft.
1605 24 top top 683 115 8 - 16 - 9 1 ; o 0 58

* 1L45 466
;2 697

100 30 0 22 13 12 6 0 : 0 0 4 575
1730 3: 1L6 o 1 0 46 27 8 0 0 b o 0 0 89 130

3 ledges Zn 1265 215 12 23 1 2 9 0 0 62 0
4 0

1402
t 2: 40

30 0 22 13 12

Leiqes kOO-’j!lO ft.
1’730 4 lover 335 12 0 0 0 0 0 0 0 0 0 0 0 0 40
1820 3 far, 465

100 335
0 0 0 0 11 5 4 3 0 0 5 0 0 11 97 479

lower
13C0 1 320 0 19 15 12 132 73 61 8 2 0 1 0 0 2 75 427
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i.,efiges  520-600 ft.
~:~~ L Gpper 88 2 2 2 6; 30lt~~ 35:
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: 0 1 6 0 0 4g2

113 0 17 ;
9 2
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15 132 86
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7k o 0 0 0 0 0 99 521
112 - - 3! 0 0 - - - 97 788

2 ledges 52 1280 131 22 17 15 132 86 74 33 0 0 0 0 0 0 1309

Le&es T20-300 ft.
;s33 41 upper L24k 31+3 16 lL 12 202 103 96 0 0 0 0 0 0 0 97 1282

‘ ledge Zn. 1244 3113 16 14 12 202 1.03 96 0 0 00 0 0 0 1282

Ledges 800-900 ft.

T

ioOO 5U lover 79 0 0 0 0 99 42 34 1 0 0 0 0 0 0 89 89
16cx) 5k fsr 122 0 0 0 0 86 39 34 0 0 0 0 0 0 89 137

r i z.M
o

1650 425 181 19 15 12
z;

326 157 135 4 0 0 0 5 0 26 98 434
iL50 185 1 4 1 0 362 159 141 0 0 0 0 0 0 0 81 228

L ledges$n 813. 182 23 16 12 873 397 344 5 0 0 0 5 0 26 888
,
Le.iges  9CO-1OOO ft. 1
i43j L3 196 0 21 14 14
:950 ~~ 473

580 314
0

260 3 0 0 0 0 0 0
12 9 6 521 341

78 251

lCOO
27’7 0 0 0 0 0 0

>L upper 21 0 0 0 0 114 39
1

30 2 0 0 0 0 0 0 8; 5% ;

, 3 Ledg o 33 23 20 1215 6 5 0 0 0 0 0 801
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337
933
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0
1
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TABLE 12

Relative Proportions of Nesting Seabirds on Cliffs, St. George Id. 13 July - Aug. 5, 19’76

counts made 1000-1930 hrs.

Stratum . . . . . . . . . . . .

Thick-billed Murre

Common Murre

Black-legged
Kittiwake

Red-1egged
Kittiwake

Parakeet Auklet

Least Auklet

Crested Auklet

Horned Puffin

Tufted puffin

Red-faced
Cormorant

Light-phase Fulmar

Dark-phase Fulmar

Total Birds

1 1 MSX*

0.6569  0.7000

.0768 .0672

● 0793 .0693

.0482 .0421

.0586 .0513

,0238 .0209

.0051 .0045

● OOW9 .0069

.0009 ,0008

.0073 .0064

.0346 .0303

.0003 .0003

1$,325 20,956%

2 2 Max*

).7148 0.7396

.0518 .0504

.0191 .0174

.0644 .0588

.0337 .0308

.0313 .0285

.0123 .0112

.0118 .0108

● 0119 .0017

.0008 ● 0007

.0546 .0499

.0001 ● 0001

L4,461 Nj,840*

3 3 Max*

1.66’?6 0.6827

.1344 .1283

.0148 ● 0141

.1414 .1350

.0074 .0071

.0007 .0007

.0004 .0004

● 0044 .0042

0 0

0 0

.0281 .0268

.0007 .0007

2,708 2 ,836*

-4 ~Max*

2.7417  0.7h69

. 1 3 9 3 . 1 3 6 6

. 0 1 1 2  . 0 1 1 0

. 0 9 8 1  . 0 9 6 3

. 0 0 9 7  . 0 0 9 5

0 0

0 0

0 0

0 0

0 0

0 0

0 0

3 , 4 0 3  3,47d’

) . 3 8 7 9  0.4163

.0470 .04J+9

.0145 .0138

.5397 =5147

.0026 .0025

0 0

0 0

0 0

.0013 .0012

0 0

.0069 .0067

0 0

s,869 4,05p
U-I
o

Max ~ extrapolations based on daily attendance maxima.
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TABLE 13

St. George Island
1976

Relative Proportions of Nesting Seabirds on Cliffs

Using Partial Reference Counts

Adjusted For Auklet Attendance

(only counts between 1200-1500 hrs. fihcluded)

Stratum. .t . .

Thick-billed Murre

Common Munre

Black-legged Kittiwake

Red-legged Kittiwake

Parakeet Auklet

Least Auklet

Crested Puffin

Horned Puffin

Tufted Puffin

Red-faced Cormorant

Light-phase Fulmar

Dark-phase Fulmar

1

.5947

.1213

.0810

.0503

.0678

.0378

.0024

.0046

.0003

.0094

.0306

● 0000

1 Max*

0.6584

.1022

.0682

.0423

● 0571

.0318

.0020

. 0 0 3 9

● 0002

. 0 0 7 9

.@58

.0000

Total Birds I 7,120 8>155

2 2 Max*——

0.6776 0.6970

.0696 .0657

. 022L .0211

.0321 .0303

.0442 .0417

.0545 .0514

.0164 .0154

.0143 .0135

.0028 .0026

.0009 .0008

.C@jo ‘ .0613

● 032 ● mo2

8,185 8,681

14ax* extrapolations based on daily attendance maxima.
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TABLE 14

Relative Proportions of Nesting Seabirds on Cliffs

St. Paul Id.

17-21 JUIY, 19’76

counts made 1200-1500 hrs.

all auklets present

Stratum . . . .
Thick-billed Murre
Common Murre
Black-1egged

Kittiwake
Red-legged

Kittiwake
Parakeet Auklet
Least Auklet
Crested Auklet
Horned Puffin
Tufted Puffin
Red-faced

Cormorant
Light-phase Fulmar
Dark-phase Fulmar

1
0.4602

.2o48

2
0.6840

.0633

.1381 I .1408

.0053

.084T

.0644

.0169

.0107

.0028

.0101
● 0019
0

.0256

.0488

.0053

.0009

.0074

.0006

.0145

.0086
0

Zi!I!i”-z% -



TABLE 15

St. George Island 1976

Date

10 June

11 June

12 June

21 June

1 July

Time

0900

0430-0600

Counts of Fixed Quadrats Ulakaia Hill Least Auklet Colony
I I I

1st Highest 2nd Highest 3rd Highest hth Highest
count . count count count
Quadrat Quadrat Quadrat Quadrat

175 4 5 3  750 175 453 750 177 453 750 175 453 7 5 0

38 53 27 28 49 12 24 26 11 -- -- --

78 130 73
I

68 123 63 I 54 119 61 I 53 114 50

83 158 86 63 153 82 63 151 82 59 146 80

47 100 40 42 85 34 41 79 32 39 76 27

45 U8 40 I 44 115 39 I hO 111 38 I 36 103 35
I I I

Mean of 2nd, 3rd,
& 4th Highest Counts

Quadrat

175 453 750

26* 37. 5* 11. 5*

58.3 118,6  58

61.6  150 81.3

40.6 80 31

40 1.09.6 37*3

I I Average of 2nd, 3rd, & 4th highest averages . . . . 53.5 116.2 56.7

Average of 2 counts immediately preceding laying . . . . 59.95 134.3 69.65
- — —

*hth highest count disregarded

U-I
w
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Date.

12 June

21 June

22 June

1 July

TABLE 16

St. George Island 1976

Counts of 100m2 Random Telescope Quadrats

Ulakaia Hill Least Auklet Colony

Time Period

0905-1207

1330-1502

0915-1059

0942-1305

— .

Number of
counts

59

35

56

50

Mean

28.3051

24.7428

27.5

21.12

Standard
Deviation

M .1680

17 ● 3414

23.7869

18.508

Standard Error
of Mean

2 ● 373

2 . 9 3 1 2

3 . 1 7 8 7

2 . 6 1 7

Grand mea of June counts = 25.6116 Least Auklets/100m2
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TABLE 17

St. George Island
1976

Least Auklet Estimates at Ulakaia Colony

Based on Evening Flight Counts During Incubation

1800 hrs until dark

Least Auldet Least Auklet
Date arriving leaving

1 July 66,226 14,919

‘j July 92,660

Mean:1 ?9,U+3

S/ 79,443 - 14,919 = 64,524 least aulclets s~a..ing overnip>t
at the colony. This in turn yields 129,0k8 breeding birds.

TABLE 18

St. George Island 1976

Estimates of Area of Ulakaia  Least Auklet Colony

12 June 62,500 ~2

17 June 126,562.5 m2

Mean 94,S31.25 m2

Estimates of Least Auklets on Colony Surface

Method

Random 94,531.25 m2 X .256116 birds/m2 = 24,211 birds
Quadrats Mean Density

Fixed 9~,531.25 m2 X =794 birds/m2 = 75,058 birds
Quadrats

Peak Density
.- .—.-=..
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TABLE 19

Murre Productivity St. George Island 1976

Mid-afternoon, latter half of incubation period and early hatching period

Date/Time

31 July
1935

31 July
1500

31 July
1500

31 July
1505

31 July
1500

1 Aug*
1700

29 JUIY
1330

29 Juq
1330

9 July
1710

9 July
1500

9 July
1515

Totals

TM

32

3

25

21

55

95*

38

6

21

165

36

Y_23/3E

1

11

9

15

4

15

35

24

TM Chicks

9

7

2

1

497 114 19

315 114 19

CM

12

24

14

113*

—

!2!3%s! CM Chicks

6

163 6 6

24 6 6

* Egged on June 24 and 26 by Aleuts. All replacement eggs laidby August 1.

Unidentified
e~g chick

20 9

35 14

9(3* 12*

145 35

WI
al

** Excluding the data of August 1.



TABLE 20

““ ‘e0rf;7(fs1md
Fulmar Productivity

All-day observations after mean hatching date

No. of Maximum no.
Date/ Chicks No. of possible Maximum no. Nests/ Nests/eggs Birds/ Birds/eg&s
Area seen—— ~ nest sites adult birds Chick laid Chick laid——

7 Aug 22 1 86 129 3.91 3.74 5.86 5.61
Muri e
Cove

4 Aug 6 1 20 38 3.33 2.86 6.33 5.43
Rosy
Finch
Cove . .

Mean 3.62 3.3 6.10 S.52

.
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DISCUSSION

Estimates of Errors

Photographic Ssmple Counts .--At higher evelations  hnd in poorer photo-

graphs it was difficult to distinguish murres and to discriminate between

kittiwakes and fulmars. For this reason, the number of white birds

(kittiwakes and light-phase fulmars ) was calculated (Table 21, and Fig. 25)

giving means with somewhat less variability. The number of photographic

samples necessary to achieve a given confidence interval on the mean for

counts of white

similar results

St. George from

mean
standard
deviation

Standard error
of mean

number of
sample counts

SE as $

Ofr

B
C.I. on E

Stratum as a $%
of total area*

birds is illustrated graphically in Fig. 26. We found

for murres. We sampled 2.5% of the total cliff area on

11 in. x 14 in. photograph enlargements.

TABLE 21

St. George Island 1976

Mean Number of White Birds per

Photo Quadrat
1“ I

Stratum 1

53.54

48.50

7.15

46

13.35

goon?

Stratum 2 Stratum 3

76.47 133.64

76.22 87.03

13.47 23.26

32 14

XT. 61. 17.40

28.6$ I 55% I 103%

46% I 29%—-. 1-

Stratum 4

151

120.96

49.38

6

32.70

253%

9%

Stratum 5

510

220.39

110.19

k

21.61

701%

4%

* From Table 3.

0
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The number of sample replications needed to obtain a given confidence

intervsl on the mean was calculated using the formula

Thus, for stratum 1 with 46 samples, we obtained about 29% confidence

interval on the mean. For a 10% confidence interval., it wo~d have

been necessary to draw 376 ssnples.



We would expect standard deviation to reflect patchiness of

habitat. With murres we would not expect s to change with height, and ●
the fact that ~ changes with height (Fig. 25) indicates that it is a

function of our method. The mean number of murres per 900-m2 photo 9

quadrat is best represented in the first three strata, the low numbers

in the two higher strata are due mostly to the limitations of our

photographic analysis. The

strata indicate that murres

graphs.

much lower densities of murres at higher

cannot be clearly counted in distant photo-

For kittiwakes, the evidence of our reference counts and our

photo counts indicate a real increase in density of kittiwakes with

elevation. Likewise, with fulmars,  there is evidence that density

drops off sharply above stratum 3. We assumed that white birds could

be seen sad counted with consistent accuracy at all elevations; white

fronts of murres could be distinguished from white birds at all but the Q

highest elevations where the very narrow ledges seem to keep most murres

facing inland. We used the density of white birds as an index to the

numbers of other species. To do this, we determined the proportion of

each species from our reference ledges on each stratum (Table 12-14) and

extrapolated from the number of white birds to total number of birds

present. Number of each species was calculated by taking the appro-

priate percentage Or the total.

Since reference-ledge counts were made throughout the day on St.

George, m~y of these were counted at times when small alcids (PA, LA,

CA, HP, TP) were not present on the cliffs. To get a better estimate

c
of the relative proportions of these small alcids, a subsample
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of reference ledges was used including only those counts made between

1200 and 1500 hours. This allows for the attendance of small alcids

but substantially lowers the sample size. Only strata 1 and 2 could be

treated this way.

Simil=ly, thick-billed murre attendance was taken into considera-

tion. Daily attendance curves were smoothed out using a 3-point moving

average, and each reference count was adjusted to account for the maximum

number of murres. This generates  a different  set of species proportions

(Tables12-14) with a higher relative proportion of thick-billed murres.

TWO such 3-point moving average curves were used. One combined all

curves from 30 July to 7 August (Fig. 11) for reference ledges counted

late in the season. The other used the Murie Cove Ledges 21, 22, and 23

(Fig. 10) for reference ledges counted earlier (ledges 24-38 ).

Finally, the number of reference ledges in stratum 4 was mmall.

This resulted in some inaccuracies. The relative proportion of red-legged

kittiwakes was less than in stratum 3. Our field observations and photo

analysis indicated that the density of red-legged kittiwakes increased

dramatically with elevation. To arrive at closer estimates of species

porportions for stratum 4 , we interpolated intermediate values from strata

3and 5 {Table 14). These manipulations resulted in several population

estimates for each species. We will indicate which we feel to be most

accurate.

Flight  counts .--Throughout the season we compared counts, two men

each making an independent count and then comparing them for accuracy.

Differences were on the order of five percent, but reaching up to 10

percent at peak times when several thousand birds passed within 10

minutes. Photos of flocks were taken to compare with our counts. Only



small flocks could be photographed

than 5 percent in flocks up to two

~3  !

and counted well. Differences were less

or three hundred. Larger flocks are
a

spread out over a wide area and could not be photographed.

Population Estimates

Density estimates are derived based on the number of white birds

counted in photo quadrats. These are presented in Tables 22-24. Three

sets of population estimates are derived; one from straight

counts (Table 25) and two others from the density estimates

the number of white birds counted in photo quadrats (Tables

photo-quadrat

based upon

26, 27).

To provide an order-of-magnitude estimate of St. Paul populations, we

assumed that the total density of all birds was similar for strata 1 and

2 on both St. George and St. Paul. Extrapolations of total number of birds

on St. Paul are presented in Table 28. Numbers of each species are derived

from this total by using the species-proportion figures in Table 14. These

numbers are presented in Table 29. These figures may be high, as Stratum a

2 on St. Paul is near the top of the weathered bluffs and is consequently

probably more heavily vegetated and less densely populated than on St.

George.
TABLE  25

St. George Island 19?Q .
Estimates of Total Birds on Cliffs From Numbers of

Murres and White Birds Seen on Random Photo G?uadrats

Stratum

1

2

3

4

5

Total

Number of
!?OOm2 areas in
entire stratum

1805

1135

488

359.2

142.33

Murre /
?!goom

150.32

280.09

259.5

h7.16

~i’*75

White irds/
900m1?

.

53.46

76.47

126.38

150.96

510

Total Murres

271,445

317,980

126,635

16,940

6,796

739,796

Total
white birds

96,495

86,793

61,673

5k,225 9

72,588

0
3 7 1 , 7 7 4
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TABLE 22

St. George Island

1976

Density Estimates Using Species Proportions From All Reference Counts Based on Number of White Birds in Sample

m
i-



TiJ BTLq\
th'J3T46 DTLJ2

-.i -
Density Estimates Using Species Proportions From All Reference Counts Based on Number of White Birds in Sample

pecies

hick-billed Murre

ommon Murre

lack-legged
Kittiwake

:ed-legged
Kittiwake

‘arakeet Auklet

,east Auklet

kested Auklet

~orned Puffin

Fufted Puffin

?ed-faced Cormorant

?ulmar

Total Birds

Ad
Zxtrapol ate

Stratum 1 16.21%
(lh.17%)White  Birds
Birds in Birds/

900+’Sample

9,981
(12,167)

1,167
(1,168)

1,205
(1,205)

732
(732)

890
( 892)

362
(363)

(%

120
(120)

(H)

111
( 111)

530
(532)

216.9
(264.5)

25.4
(26.4)

26.2
(26.2)

15.9
(15.9)

19.4
(19.4)

(;:;)

(i:;)

(:::)

(:::)

2.4
(2.4)

11.5
(11.5)

15,194

E.

Stratum z 13.83$

ssmple’

12,686
:lh,352)

98o
(9w8)

33b
( 338)

1,143
(1,141)

5g6
(598)

550
(553)

214
( 217)

209
(210)

34
(33)

(i:)

970
( 970)

~12.61%)White Birds
Birds in Birds/

9oom2

396.4
(448*5)

30.6
(30.6)

10.4
(10.6)

35.7
(35.7)

18.6
(18.7)

17.2
(17*3)

6.7
(6.8)

6.5
(6.5)

(:::)

(:!)

/&

17,693
:19,405)

4

Stratum 3 18.43%
(17.59$)~ite Birds
Birds in Birds/

9oom2sample

6,4N+
G6,873)

1 , 2 9 1
( 1 , 2 9 2 )

142
( 142)

1 , 3 5 9
(1,359)

(;;)

(;)

(h

42
( 4 2 )

(:)

(:)

2T7
( 2 7 6 )

456.1
(490.9)

Q2.2
(92.3)

10.1
(10.1)

97.1
(97.1)

(;::)

(::)

(::)

(:::)

(:)

(:)

X9.8
(19.8)

9,609

-

1

Stratum 4 10.93% ‘
=;~it’B;~;

sample 900m2

6 , 1 4 8
(6,307)

1,155
(1,153)

(;;)

813
( 813)

(x)

(:)

(:)

(:)

(:)

(:)

(:)

1,024.7
(1,051)

192. ~
(192*2)

15.5
(15.5)

135.7
(135.5)

13.4
(13.4)

(:)

(:)

(:)

(:)

(:)

(:)

8.289

Stratum 5 56.11%

1,410
(1,587)

1’71
( 1 7 1 )

1,962
(1,962)

(1:)
(:)
(:)
(:)
(;)

——

.

352.5
(396.7)

42.8
(42.8)

13.3
(13.3)

490.5
(490.’5)

(::;)

(:)

(:)

(:)

(::;)

(:)

(::;)
,.— —

3,635 .ce
(3,812) u

b--–o-------



TABLE 23

St. George Island
1976

Density Estinhates  Using Species Proportions from-Partial Reference Counts Based
‘on-Number of White Birds in Sample

Species

Thick-billed Murre

Common Murre

Black-legged
Kittiwake

Red-legged
Kittiwake

Parakeet Auklet

Least Auklet

Crested Auklet

Horned Puffin

Tufted Puffin

Red-faced Cormorant

Fulmar

Totsl Birds’
Extrqxmxted

tratum 1. White Birds in
sample 16.19$ (13.63Z)

Birds in Birds

- ‘“
4900M

9,047 196. T
(11,897) (258.6)

1,846 40.1
(1,847)

1,232 26.8
(1,232)

7’65 16.6
( 764)

1,031 22.4
(1,032)

575 12.5
(575)

0.8
(:[)

1.5
(::)

.11
(?)

143 3.1
(143)

466 10.1
( 466)

15,213
(18 ,070)

65

tratum 2. White Birds in
sample 11.95% (11.27$)

lirds in_ Birds—
-

1.900M

13,8?4 433.6
,15,134) (472.9]

1,423 44.5
(1,424)

458 14.3
(457)

656 20.5
(657)

904 28.3
(904)

1,114 34.8
(1,114)

335 10.5
(334)

292 9.1
(293)

1.9
(;2)

.6
(:!)

1,333 41.7
(1,3331

20,476
(21 ,713 )

D ( ) parentheses indicate figures derfved using maximum numbers of thick-billed

murres present during the day

o



TABLE 24

St. George Island
1976

Density Estimates for Stratum h Interpolating Species Proportions From
Those of Strata 3 and 5

Based on Number of White Birds in Sample
37.27% (35.6%) White Birds

Species

Thick-billed Murre

Common Murre

Black-legged
Kittiwake

Red-legged
Kittiwake

Parakeet Auldet

Tufted Puffin

Fulmar

Total Birds
Extrapolated

Relative
proportion—

0.5277
( .5495)

.0907
( .0866)

.0146
( .0140)

.3406
( .3249)

.0050
( .0048)

.0007
( . 0006)

.0175
( . 0171)

Birds in
ssmple

1282
(1398)

220
(220)

(;2)

828
( 827)

(:)

(i:!)

43
(44)

243o
(2545)

Birds/900m2

213.7
(233.1)

36.7

5.9

137.9

2.0

0.3

7

( ) parentheses include figures derived using the daily msximum of
thick-billed murres



Species

Thick-bilked Murre ~/

Common Murre

Black-legged
Kittiwake

Red-legged
Kittiwake

Parakeet Auklet

Least Auklet

Crested Auklet

Horned Puffin

Tufted Puffin

Red-faced Cormorant

Fulmar

Total
Percent

Stratum 1

1805 (birds/
900M2 )

391,505
(477,423)

45,81+7

47,291

28,700

35,017

14,260

3,069

4,695

542

4,332

20,758

596,016
27.4$

TABLE 26

St. George Island 1976

Estimates of Total Birds on Cliffs

Based on All Reference Counts

Stratum 5?

1135 (birds/
goomz )

L49 ,914
( 509 ,048)

34,731

11,804

28,148

21,111

19,522

7,605

7,378

1,249

454

34,050

615,966
28.4$

Stratum 3

488 (birds/
goom~ )

223-553
(239,559)

44,994

4,929

47,385

2 ,48Q

244

146

1, 4(34

o

0

9,662

334,866
15.4$

Stratum 4

359 (birds/
9oom2 )

368,072
( 377 ,519)

69,146

5,567

48,672

4,777

0

0

0

0

0

0

4g6,234
22.8$4

Stratum 5

142 (birds/
90~2 )

50,161
(56,450)

6 , 0 9 0

1,893

69,798

327

0

0

0

185

0

896

129,350
6.oZ

Total

1,483,205
1,659,999)

209,808

71,484

222,703

63 ,72J.

34,026

10,820

13,537

1,976

4,786

65,$%

2,172.,432~
100.0$

%

a/ marenthes~s  include maximum number
of thick-billed murres present during the day. W t2,34$,226)+.



pTLq
L4fiflJ

pLg2
L8'4flh3J 1t

pLq
5

TABLE 27

St. George Island
1976

Estimates of Total Birds on Cliffs Based on Partial Reference Counts for Strata 1 and 2 and Inter-
polated Reference Counts for Stratum b

Species

Thick-billed Murre ~/

Common Murre

Black-legged Kittwake

Red-legged Kittiwake

Parakeet Auklet

Least Auklet

Crested Auklet

Horned Puffin

Tufted Puffin

Red-faced Cormorant

Fulmar

Total
Percent

Stratum 1
birds

355,044
(466,773)

72,38I.

48,374

29,963

40,432

22,563

1,444

2,708

199

5,596

18,231

596,935
31%

7Stratum 2birds

492,136 ~
(536,742) ~

50,508

16,231

23,268

32,121

39,498

11,918

10,329

2,157

681

47,33a
~

726,177
37%

236,241
(239,559)

47,531

5 , 2 2 2

50,020

2,636

244

146

1,562

0

0

10,199

353,8o1
18$

76,761
(83,73o)

13,183

2,119

4?,534

718

0

0

0

108

0

2,514

144,937
7$

—  .—

Stratum 5~/
birds

50,161
(56,45o)

6,090

I- ,893

69,798

327

0

0

0

185

0

896
—

1?3 ,350
7%

~/ parentheses include maxinnm number of thick-billed murres present during the day

based on all reference counts (Table 2
hestimm m

Total— .

1,210,343
1,383,254)

189,693

73,839

222,583

76,23h

62,305

13,508

14 ,5?9

2,649

6,277

79,170

1i95i1,200c/
100%

.—.— —

cR-Cm

“ ‘2’’24’W (m
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TABLE 2%
St. Paul Estimates Based on-Total Bird Densities on St. George

o Estimated
Area (1,000 m2) ‘ a/Total. No. St. George-

Stratum

● St. George St. Paul All Species Per m2

1 1,625 387.6 733,037 0.451

2 1,022 67.4 770,783 0.754

Total 455.0

Extrapolated No.

for All Species

on St. Paul

174,846

50,832

225,678

~/ Based on partial reference counts involving maximum nUmbers of murres on
cliffs (Table 27).

.

TABLE 29
Estimates of Species on St. Paul Directly Extrapolated

From Total. Bird Densities on St. George and Not Ilcuznded Off

D Species

Thick-billed murre

Common murre

Black-legged kittiwake

Red-legged kittiwake

Parakeet auklet

Least auklet

Crested aukl.et

Horned puffin

Tufted puffin

● Red-faced cormorant

Light-phase fulmar

o Dark-phase fulmar

;tratum 1 Stratum 2

80,464 34,769

35,808 3,218

24,146 7,157

927 1,301

lb ,809 2,481

u ,260 269

2,955 46

1,87I. 376

490 30

1,766 737

332 437

0 0

Total

3J.5 ,233

39,026

31,303

2,228

17,290

11,529

3,001

2,247

520

2,!503

769

0
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using the statistics generated from our photo-sample counts, we see

that we sre estimating the mean with one significant digit and may be

close to two significant digits. Accuracy is worst at higher strata.

If these figures are then used (i.e., white-bird counts) to extrapolate

to numbers

involved.

of varying

of other species, we lose control of the sampling errors

These extrapolations are based on counts of species on ledges

size so there is no way to calculate error. They are, however,

based on large sample sizes on St. George Id. :18,325 birds counted in

stratum 1; 14,461 in stratum 2; 2,7o8 in stratum 3; 3,4o3 in stratum 4;

3,869 in stratum 5 (Table 12). The swnple size is reduced if we utilize

only those counts from 1200-1500 when small alcids are present, 7,120

birds being counted in stratum 1 and 8,185 in stratum 2 (Table 13).

All things considered, we feel that we have an accuracy of one

significant digit, and close to two with our extrapolated estimates.

~is is a considerable improvement over past population estimates by

Gabrielson  and Lincoln (1959) and Elliot (1884) who of course did not make

serious attempts to determine numbers. This will enable us to detect a

change in population of 50%. When one considers the possibly long lives

of these seabirds, their reproductive strategies, and the probable year-

to-year population fluctuations, a change of this magnitude may be close

to a minimal amount that can be considered a resl change in population

size. A change on the order of 50% should be important enough to enable

1

0

a

9

government officials to take action, generate interest and study, and bring

a restraining order to any activities in the area that are environmentally

degrading. If these techniques can demonstrate this change, they should
a

be heeded.
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The Species on St. George

o Thick-billed murres. --lhck (196o) found definite seasonal and daily

B
variation in numbers of thick-billed murres on ledges at Cape Hey in

1957  ● Seasonally, the numbers of older breeding birds before egg-l~ing

were increased by prospecting birds;

early prospectors beginning nesting;

visiting the ledges after hatching.

after egg-laying, by inexperienced

and then by late prospectors

A breeding population of 80? of

maximum occurred from

prospectors arrived.

with a maximum number

the beginning of egg-laying until the late-nesting

Daily variation in numbers changed during the season

of birds present throughout the day early in the

●

season (June 20 - egg-lsying period).

A large daily fluctuation was found at the time of hatching (July

with a low in the afternoon and evening and a high in the morhing hours.

Four daily peaks were observed on August 18 at the time of sea-going

of the young. Pennycuick (1956) at Spitzbergen and Uspenski (1956)

at Novaya Zeni@ found no such fluctuation. Swartz (1966) found a cycle

of daily fluctuation at Cape Thompson after hatching in 1959 with one

daily peak. Counts made during 8 days “seemed to indicate that curves

of these diurnal patterns of cliff roosting tended to be nearly congruent~’

w data for thick-billed murres show marked seasonal and daily

fluctuations in numbers. We made four groups of counts, a five-day

circuit of the island visiting each of three ledge sites every other day,

during the season. The three areas we chose for ledge attendance counts

are on opposite sides of the island at places accessible by walks of an

hour or less. If we compare the curves of attendance for Rosy Finch

(hve (ledge 57), Murie Wve (Mdges 21, 22, 23) ~d

(ledge 53) we find significant changes at each site

-,

Pinnacle Point

during the season,

20)
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and an expression of breedirig synchronization between the three sites

at certain periods during the breeding cycle.

Correlations of ledge attendance curves at each site throughout

the season (Table 8) demonstrate the obvious fact that there is seasonal

variation in ledge attendance.

Correlations between the three sites at four times during the

breeding season (Table 9) demonstrate that thick-billed murre populations

on all sides of the island are significantly identical, i.e., that ledge

attendance behavior is highly synchronized, at the times immediately

before egg-laying and at hatching, though not during the before egg-laying

or incubation stages. This lack of synchrony could possibly be due

to weather effects. Weather data were collected at sll sites, and conditions

were very similar at all three sites. During the counts at time of incuba-

tion, temperatures ranged from l+°C to 10°C and winds from O to 22 kt, the

average at each site being about 6-1o kt. Correlating the curves with a

weather did not seem necessary. The weather was remarkedly  consistent

during this time of year. Although the Rosy Finch Cove site did have

slightly higher temperatures and higher winds at certain times of the day,

these were not extreme conditions. It may have been enoup~ to change

attendance behavior patterns however.

with

10*C!

that

Pre-incubation  temperatures during counts ranged from -2*C to 8*c

winds from O to 15 kt.

The weather varied more during counts that were synchronous: -l”c to

with winds o-26 kt during the egg-laying counts, so it seems unlikely

attendance behavior is sensitive to perturbations of this magnitude.
Q

Therefore, these differences--highly synchronized behavior at the times

of egg-laying and hatching and less precise synchronization before egg-

laying and hatching and during incubation--seem to be real differences.
9
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The incubation curves were taken hnediately after egg-laying. It is

● probable that some birds were still laying while others had begun incuba.

ting. These two overlapping phases of

D
asynchronous graphs. Unfortunately, a

incubation was not obtained as we went

breeding behavior result in

series of curves at the height of

to St. Paul and had to wait for a

return flight. We assume that behavior is synchronized during incubation,

This As perhaps an expression in overall activity of what others have found

with regard to timing of breeding on a more finely focw-ed level of
—

observation, i.e., actual time of egg-l~ing and of hatching.

Our findings on seasonal. variation in general agree with those of

Tuck .

before

season

A continual high rate of occupancy was found early in the season

egg-laying (15-19 June). Tuck found that early in the breeding

(June 20) a maximum number of birds was present throughout the d~.

●
TMis was the egg-laying date, and two small peaks were observed. At this

time on St. Gemuge,  the birds had established a regular fluctuation,

however, with two very large peaks. Two daily peaks were found at all

other

A 10W

and a

times up to a few weeks after hatching when the study was terminated.

during the day was found which occurred later as the season progressed,

low was found overnight. The fact that we found two peaks where

Tuck and SWartz (although later in the season) found one may be due to

continual daylight at those higher latitudes. The close congruence we

found among study areas at the times of egg-laying aud hatching seems to

break down during the period of incubation. We feel this is due to an

overlapping with egg-l@.ng behavior. Counts later in incubation should

be congnent.

Activity patterns appear unaltered by the fact of native egging at

the Rosy Finch Cove site on 24 and 26 June, although total numbers may

o have dropped for awhile as seen at our next count on 6 July. ~ the time
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of our next circuit and our count on 4 Augusts numbers were back to normal

and many birds had re-layed. At the time that other sites had almost

completed hatching, several eggs were still being incubated on the large

ledge at Rosy Finch Cove, and some eggs appeared clean and newly laid.

Only two egging attempts were ude at this site, however, 70 eggs total

being collected on 24 and 26 June. It is customary for Aleuts to visit

ledges one to two weeks after the first collection to get the newly laid

eggs, but this was not done at tiis site this year. Possibly, our interest

in the proceedings made our Aleut friends wary, and they decided to “give

the birds a rest” in case our reports would be unfavorable to them. At

any rate, the native impact

Population estimations

murres (both CM and TM) are

on the total population is negligible.

of thick-billed murres are as follows: 739 ,?96

estimated from those seen in random black and

white photo quadrats (Table 25), This does not take into account the

fact that

when they

landward.

estimates

murres are very difficult to see against white backgrounds

are facing seaward or against black backgrounds when facing

These counts should be close for strata 1 and 2.

based on white birds (Tables 26, 27”) are higher. Some murres

are undoubtedly counted as white birds in the two higher strata, 4 and 5.

When one uses sll Reference Counts for proportions (Table 26), the

murres counted in photos represent at maximum numbers:

247,015 thick-billed murres in stratum 1
298,9o1 thick-billed nnzrres in stratum 2
106,373 thick-billed murres in stratum 3

and when Partial Reference Counts for proportions are used (Table 27):

233,443 thick-billed murres in stratum 1
289,362 thick-billed murres in stratum 2

c
This is contrasted with extrapolations based on the number of white birds

by using all reference counts (Table 26):
9

k~T,l+.23 thick-billed murres in Stratum 1

509,048 thick-billed murres in stratum 2
239,559 thick-billed murres in stratum 3
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and by using Partial Reference Counts (Table 27):

466,773 thick-billed murres in stratum 1
536,742 thick-billed murres in stratum 2
239,559 thick-billed murres in stratum 3

Our comparisons of a few photo counts with land counts are somewhat

Smbiguous (Table 30)9 but they indicate that not all m~res are co~ted

in photos. TMS makes sense. lie feel the extrapolated numbers for

murres are closer to the actual population>  especially in the higher strata.

Tuck (1960 p. 1.12) found that more birds tended to face the sea as the

season

this.

Except

of the

progressed and loitering increased. We did not try to verify

The majority of murres in our photographs were facing landward.

in extremely dense concentrations with lots of guano, the backgrounds

photos are dark basaltic lava in areas where murres (particularly

thick-billed murres) are nesting. In distant photos and on the higher

B cliff strata, fewer and fewer murres can be distinguished as shown by

comparison of photo counts

Photo counts of white

more consistently accurate

accept the number of white

polate to the total number

derived from our reference

(a) 1,483,205 thick-billed

used, not allowing for daily fluctuations in numbers;

with known reference ledges (Table ~O).

birds (kittiwakes and fulmars) are probably

as distance fmom the camera increases. If we

birds as correct and use this number to extra-

of birds by using the species proportions

ledges, we arrive at the following figures:

murres if all reference ledge counts are

(b) 1,~o , 3 4 3  thick-billed  ~rres if we use O~Y parti~ reference ledge

counts and not allow for daily fluctuations;

D
(c) 1,659,999 thick-billed  m~res by incluting  :t~e max~~ n~ber present

during the day--using all reference counts.

o
Od) 1,383,254 thick-billed murres by using partial reference counts includ-

ing the maximum present during the day.
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TABLE 30

4

STRATUM 1

Ledge 47

Ledge 53
Pinnacle Point

STRATUM 2

Ledge 52

Ledge 23
Murie Cove Fuhnar

Ledge 5

Ledge 33
Marvin Gardens

I

Totals

St. George Island
1976

Comparison of Land Counts with Photo Counts
.——————..— .—.

Photo 29 July L300.—

M 146
K
F $

HP 2

Photo 9 June 1030

Photo 29 July 1330

M w
K 122
F 4

Photo 29 July 1510

M 293
K 14
F 112

Photo 29 JUIY 16OO——

M 290
K 45
F 29

PhOtO 29 JUIY 1450

M ;;;
K
F 27

M 1,552
K 763
F 217

HP 2
RC 10

Total 2%

—. .—-

9
Land 3 Aug 1215

TM 1 5 6 CM 3
BK 20 RK 1
F 28
H P 2

- Land 6 June 12U5

TM 78 CMl
BK 16 RK 79
RC 17

Land 3 Aug 1540 .

TM 52
BK 103 RK 15
F

RC ;

Land 7 Aug 152

TM 29.5
K 14
F 120

Land 25 Jv.lY 1700-

TM 303
BK 15 RK 6
F 10

Land 13 July 1600

TM 1202 CM 2
BK 18 RK 475
F 47

M 2#392
K 762
F 2 0 9

HP “2
RC 21

Totti.3~86
9
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We mace most confidence in the figures 1.~383y25~ ad 1#559~999 as

the total number of birds of breeding age utilizing nesting sites. This

represents approximately 644,ooo eggs successfully surviving until hatching.

Egg loss and replacement is a continual process that has been studied

in some detail by Tuck, Swartz,  and others. In addition to natural loss,

there is man-caused loss by egging and by disturbance. On two occasions

during 1976j aircraft passed close by (~00 ft.) during our attendance

counts, and a rough estimate of the munber of birds frightened from the

ledges was obtained. This is approximately 15~. At this distance,

during incubation, only loitering birds were frightened, but at closer

distances (observed but not quantified) aircraft noise can frighten all

birds with subsequent great damage to eggs and.birds.. The incubating birds

kick their eggs off their feet as they fly,and birds collide with one

another and with fslling eggs and rocks knocked from ledges.

Cliff-nesting birds on the Pribilofs are sensitive to the noise

of rock falls, and a moderate rock fall can clear a nearby section of

cliff in seconds. Rock falls are faitly frequent-- 4 were observedby

us in the course of our work in 1976, 2 of them very close--and the after-

math of many others was observed on subsequent visits to sites. mere has been

therefore constant selection for panic behavior in birds in response to

loud noise. The birds may be able to adjust to frequent loud noises resulting frc

oil development, et%, but it would require seversil. disrupted seasons, and

perhaps even generations. ,

Common murres. --Common murres are relatively inaccessible on St. Geonge. Smsu

ledges are found on the Village East and Village West cliffs and on First

s Bluff . The only ledge easily observed was at Rosy Finch Cove. Ledge 25,

which we located later in the season has a good large sample, but it is

farther away from the road (1.5 - 2 hrs walk).



The Rosy Finch Cove ledge was a favorite Aleut egging spot as we

discovered later. Common murres and thick-billed murres nest in about

equal numbers on a large flat ledge. Since the daily ledge-attendance

patterns of thick-billed murres at this site paralleled those of other

b ?

78

●

a

sites, perhaps we can assume that neither common or thick-billed murres

were upset for long by egging activity. lie found less

in numbers among common murres than among thick-billed

but place little reliance on it because of our limited

Hunt found similar daily changes smong the two species

daily fluctuation

murres (Fig. 12)

sample. George

on St. Paul. Because

of this uncertainty, and the fact that common murres are only hth in

total numbers, we did not attempt to adjust their numbers to allow for

daily fluctuations on a ledge-by-ledge basis as for thick-billed murres.

Using the counts of murres from photos,we  find the following numbers

of common murres. Based on proportions from sL1 reference ledges, the

maximum number is:

24,430  common
19,079 common
11,626 common

murres in stratum 1
murres in stratum 2
murres in stratum 3

Based on proportions from partial reference ledges:

38,002 common murres in stratum 1
28,618 common murres in stratum 2

Again, the extrapolated figures are higher (Table 26, 27). As with

thick-billed ~res, we feel the extrapolated figures are more accurate.

A total of 189,693 common murres is estimated by using only partial

ledge-attendance counts; 200,808 are estimated by using all reference

ledge counts to determine the species proportion. Spring (1971) cites

evidence that common murres tend to displace thick-billed murres on the

uide flat ledges. This seemstm be the case in the Pribilofs.  All large



S
flat ledges (free

murres. Although

of sea lions as on Walrus Island) &e

thick-billed murres are found nesting

79

$smmed with common

with than on some

of the smaller ledges~ such as ledge 57, they tend to be excluded to

the periphery or more uneven areas. The number of common murres on the

Pribilofs seems to be limited only by nesting sites.

Red-legged kittiwakes. --Although the black-legged kittiwakes  are increasing

in numbers on St. Paul, this does not seem to be at the expense of the red-

legged kittiwakes  at this time. The data, however, are limited. Kenyon

and Phillips (1969) data for red-legged kittiwakes compare with ours as

follws :

area no. of nests
* 19;6

Tolstoi
Zapadni 13
Ridge wall 33 3:
Village o 0

We find little appreciable change in 11 years.

From reference ledge counts on both islands, our averages were

1.7 birds per nest on St. Paul, sad 2.0 birds per nest on St. George.

At Pinnacle Point ledge St. George, a growing colony, we found an

awerage over the entire day of 1.4 on 10 J~Y 1976 and 108 on 30 JulY

1976. At Pinnacle Point there were 38 completed nests near time of

hatching on 29 July 1975

First Bluff (ledge 1 St.

nificantly from 43 nests

and 56 completed nests on 30 July 19’76. At

George), red-legged kittiwakes decreased insig-

in1975 to 40 nests in1976. Birds per nest

were 1.1 at 1500 on 29 July 1975 as compared with 1.5 at 1300 on 29

July 1976.

At First

from 24 to 33

on 29 July as

Bluff (ledge 2 St. George), red-legged kittiwakes

nests from 1975 to 1976. Birds

compared with 1.7 at 1300 on 29

per nest were 1.4

JuI.y 1976. There

increased

at 1500

is morel,daiiy
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variation in average number of birds per nest than smong black-legged

kittiwakes  so that determining a constant number (Coulson and White 1956)

seems unfeasible; 1.7 - 2.00, our island-wide totals, are the best

approximate ions.

Red-legged kittiwakes are third in total numbers on St. George.

Their nesting density increases with altitude in an inverse relationship

with black-legged kittiwake density. In the highest stratum they consti-

tute over 50% Of d-l nesters, outnumbering even the thick-billed rnurres.

),

On St. Paul,there is also an increase in density with altitude which is not

directly comparable with St. George because of the lower cliffs on St. Paul.

The lower overall numbers on St. Paul. may be due to a preference for the

higher cliffs of St. George or competitive exclusion for nest sites at

the lower strata. We estimate 222,703 red-legged kittiwakes on St.

George using all reference ledges and 222,583 using partial-reference-

ledge counts. a

Red-legged kittiwakes  on St. Paul number in the thousands. Since

these birds are only reported to nest in small numbers in t.h&

Aleutians and on Copper Id. in the Commander group, the birds of St.

George represent the bulk of the total world population of red-legged

kittiwakes. The value of maintaining this population of a unique species

should be carefully considered as regards oil-development activities.

Black-legged kittiwake .--Black-legged kittiwake numbers are reported

by Coulson and White (wj6) to average 1.2 birds per nest in the N,

Atlantic, Coul.son reports that the proportion of nonbreeding birds

is great”er in younger colonies. Our daily attendance curves show that 9

the number of black-legged kittiwakes rises quickly in the morning and

remains fairly constant throughout the day, dropping 9
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just bel?ore dark. The number of birds per nest at pinnacle Point

ledge averaged higher than Coulson’s  average at 1.5 on 10 July and

1.6oxl 3oJuly.1976. Pinnacle point seems to be a growing colony

and therefore a young one (Coulson  and White 1956). In 1975 near time

of hatching on 29 July, there were 23 completed nests. In 1976 on 30 Jul~

there were 31 completed nests.
——.—. — - -

On both island~ our island-wide averages of birds per nest were

high; 1.457 on St. Paul end 1.56 on St. George based on reference ledge

counts . Comparing our counts on St. Paul with Kenyon and Phillips (1965)2

we see that the black-legged kittiwake population has increased greatly

in some areas:

area

Village

no. of nests
1965 – QI$
T

Tolstoi 249 206
Zapadni 463 539
Ridge wall (low bluffs) 221 608

TotsJ. 993 1,353

The high proportion of nonbreeding birds present may indicate

that the colonies on both islands are still growing or it m~ be due

to a regional. difference in black-legged kittiwake populations. On

the East Village Cliffs of St. George we found 1.4 birds/nest in a

total of 108 nests.on I.I.July 1976. There was no change

nests between 1975 (110) and

on 11 JuI.Y 1975.

Black-legged kittiwakes

George. Using all reference

estimate 71.,484. Using otiy

1976 (108). There were 1.5

in number of

birds per nest

are about sixth in totsJ. numbers on St.

ledges for our species proportions,we

partial. reference counts,we  estimate 73,839.



Fulmar .--Nmars are early breeders, being preceeded in breeding phenology

only by the red-faced cormorant. They also, like the cormorant, invest
e

more relative time in incubating and caring for young than the other

birds of the Pribilof  community. Nonbreeding birds characteristically

occupy nest sites for several years before they begin breeding. 9

We made 9 all-day attendance counts of fulmars at two of our study

sites. The Rosy Finch Cove site has a small population (maximum 38),

and the Murie Cove site has a much larger population (maximum 129).

Little daily and seasonal variation was noted. The numbers rise

abruptly in the early morning, stay at the same level throughout the

day, and drop rapidly just before dark. Any changes in the attendance

behavior of breeding birds could presumably be masked by the large

proportion of “nonbreeders. Because of the inaccessibility of the

ledges, we made no attempt to distinguish between individual

breeding and nonbreeding birds, although we made rough estimates
a

of productivity as the chicks grew large enough to be seen (Table 20).

We estimate 65,366 fulmars by using all reference-ledge counts as

a basis for species proportions, and 79,170 by using partial-reference

counts . Light-phase fulmars far outnumbered dark-phase fulmars in the

ratio 153/1. George Hunt’s group (pers. comm.) reported a greater

proportion of dark-phase fulmars smng those seen in feeding aggregations

at sea around the islands.

Our productivity estimates result in calculations of about 12,000

chicks and 13,500 eggs laid (when one uses the mean of the two popua-

tion estimates).

Red-faced cormorant .--Red-faced cormorants are year-round residents a

of the Pribilofs. Because they are present in relatively low numbers,

followed only by tufted puffins, little time was spent studying them. @
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One study site at Pinnacle Point yielded data on daily attendance. We

B

estimate h,786 by using all reference-ledge counts, and 6,277 using

partial-reference-ledge counts. They are confined to the two lower

strata of cliffs and were not seen even loitering any higher than this.

Auklets--- Parakeet auklets are fifth in numbers on the cliffs of

St. George with least auklets second and crested auklets  ninth. Least

auklets are about fifth in total numbers when the inland colony at

Ulakaia Hill is hot included.
—- ----- —

No satisfactory method was found to estimate the numbers of least

auklets  nesting among beach boulders around the perimeter of the island,

but these additional birds should place them second in o~er~

numbers. All three auklets were found nesting together in two large

talus slopes on the Northwest end Of the island where they were counted in

our photographs. All three are diurnal (Seal-y 1973, B~dard1969),the

congeneric least and crested auklets typically showing two peaks of

attendance per day, and the parakeet only one.

Parakeet auklets.--Parakeet  auklets weee the most numerous crevice

nesters on cliffs. They appeared to nest along borders between the solid

rock of murre ledges and a@eas of vegetation. We have several good ledge.

attendance counts (Fig. 14). Most show a sin~e afternoon peak, but one

on 7 Aug. at Murie Cove clearly shows two peaks. Hunt’s counts from St. Paul
_...

show one peak. Parakeet auklets fed in large flocks with crested

auklets and lesser numbers of least auklets within a kilometer of shore.

We did not go farther from shore than this. The principal aggregations

were always encountered during the day at

points of the island. We estimate63,7~

reference ledges and 76,234 using partial.

the Northeast and Northwest

parakeet auklets by using all

reference counts. Parakeet
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auklets were found on all cliff areas of the island but were relatively

scarce in the higher strata; 3,349 were counted on the surface of the
o

two talus slopes. These numbers probably represent only one bird of

each breeding pair.

@
Crested auklet-.--Crested auklets  prefer loose boulder rubble of a

certain size for nesting (B~dard  1969). We found them in two large talus

slopes (which we nicknamed Meditterranian and Baltic Avenue) on the

Northwest side of St. George, and scattered along the cliffs in crevices

and small piles of loose, fractured rock on ledges. Only one good

attendance count was made of a single peak from 1100 to 2000 at ledge

25 St. George. Counts made by George Hunt’s team on St. Paul on 19 and

26 July show only one peak from 0400 to 2200.

Crested auklets were seldom seen close to areas of human activities,

but on the water they did not seem anY more wary than the other auklets.

We estimate 10,820 on the basis of all reference ledge counts, and a
13,5o8 using partial. reference counts. In addition, 76o were counted

on the surface of the two large talus slopes. None were seen above

stratum 3.

each breeding

tion,

These numbers probably representtml.y one bird of

pair since both birds seldom loiter together during incuba-

Least auklets .--Least auklets or ‘Jchoochkis’l are the most amenable

of the auklets to study because of the large inland colony on Ulakaia Hill. Th~

effective nesting area extended for about 1~00 meters along the slope,

and was 100-200 meters wide. We estimated the area at about 94,531 m2

(Tabie18}.  The slope is approximately 30 degrees. Least auklets
a

arrived before any of the hillside was free of snow, and engaged in

courtship activities above the nesting holes for increasingly longer
a

periods during the day as the season progressed.
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The birds fly inland along a slight ridge between the village and

the airstrip in a corridor that varies with weather conditions. On

clear d~s, all the auklets flying inland can be clearly seen and

counted. Birds flying out to sea disperse in smaller flocks over a

wider area, but can be counted on a good day from our observation point

in front of the colony hillside.

Seven 24-hour inland-flight counts were made throughout the season

(Figs. 19-21.]. OneSeaward count was made on a very clear day for comparison

(Fig. =). At the time of the counts made just before egg-~aying,we

examined the colony at mid-day when no birds were present on the surface,

and found no evidence of any birds underground either. Thus the entire

population seems to visit the colony at least twice a day at this time of

year--once in the morning and once in the evening. The morning peak is

much broader and consists of some birds making.repeated trips. Birds were

seen ‘flying back out to sea and feeding. in small flocks offshore at this time.

Birds from these flocks would then join the main flight inland which proceeds

Westward along the North coast to the bay $ust West of the village. In this

bay the joiners would mingle with the larger flock and fly inland across

the airstrip. Fewer birds fly out during the evening peak, and these birds

were never seen to land near shore, or to join incoming flocks. The birds

leaving in the evening drop low to the water and fly rapidly out of sight

to the North.

We feel that the evening peak is largely composed on one bird of each

breeding pair which, after egg-l~ing,  spends the night ashore. If we

subtract the birds that return to sea in the evening from this peak, we

should have an accurate estimate of the number of breeding pairs.

This number can be compared to the figures derived from our colony

quadrat counts; 108 counts of each of the three fixed quadrats were made
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during 5 dsys prior to and during egg-laying. The average of the

2ndT srd~ and bth-highest  count for each day (B~dard 1969) gives a

figure of 79.4 birds/100 m2. In addition, 150 counts of randomly

placed telescope quadrats give a mean density of 24.49 birds/100 mz.

The fixed quadrat counts show a pattern of daily attendance at the

colony surface that can be compared with the flight counts. They were

located in high-density areas in the center of the colony. The random

telescope quadrats g’ive a mean density at the surface for the entire

colony.

Eggs were found on the beaches on 12 June 1976 although none were

found on the colony hillside at this time.

We estimate 34,o26 on the cliffs using all reference-ledge counts,

and 62,3o5 using partial-reference counts allowing  for atilet attendance.

These probably represent only one bird of each breeding pair. In addition

we estimate a total of 129,o48 breeding birds in the Ulakaia colony using 9

flight-count data, and 1,609 birds on the two large talus slopes in the

Northwest. None were seen above stratum 3.

If the flight counts are an accurate estimate, the random telescope

counts represent about 1/4 of the total birds seen on the colony surfaces

and the fixed, central quadrats about 3/4 of the total.

Horned puffin.--Horned puffins are present in about the same

numbers as the crested auklets. Daily attendance data was obtained

at Murie Cove Nmar Ledge and at Ledge 25. Samples are not large enough

to show any definite trend except for a possible afternoon peak. They

are present in the afternoon and evening. We estimate 13,537 by using all

9
reference-ledge counts for species proportions, and 14,599 by using partial-

reference counts allowing for auklet attendance. These numbers probably

o
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one bird of each breeding pair since both birds are seldom

during incubation.

Tufted pufi’ins.--Tufted  puffins are the scarcest breeding seabirds

on the Pribilofs(with  the exception of the glacous-winged  gull). This

is near the northern limit of their breeding range. Very few attendance

data were collected, although these birds also seem to be present on

cliffs in the afternoon and evening. We estimate 1,976 puffins by using
—. .

sll reference ledge counts, and 2,649 when

allow for auklet attendance. Again, these

one bird of each breeding pair, since both

on the cliff during incubation.

CONCLUS1OIYS

partial counts are used to

numbers probably represent

birds seldom loiter together

The resulting numbers indicate that W- George Island has over 2

million birds and is one of the larger seabird colonies in the world

and apparently the largest in the Northern Hemisphere. Krasovski (1937)

estimated the murre population at Bezymyannaya Bay at 1,644,5o3 in two

colonies (bazaars). To our knowledge, no other close estimates of colonies

of this size have been made.

The major threats to these seabird populations posed by petroleum

exploration will be disturbance of the ledge-nesting species by people or

aircraft if St. George is ever used as a local or regional base of

operations for petroleum drilling.

Considering sll alternative estimates,we  place the numbbrs of

species on St. George in 1976 at close to 2.5 million birds (Table

each

3 1 ) .

the

●

If one msy be

breeding birds

permitted to extrapolate from

on that island number about a

these figures to St. Paul,

quarter of amillion (Table 32).



TABLE 31

Breeding Seabirds on St. George Id., lg’76
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Thick-billed murre

Least auklet
Red-legged kittiwake

Common murre
Parakeet auklet
Black-1egged kittiwake
N m a r

Hornedpuffin
Crested auklet

Red-faced cormorant

Tufted puffin

Total

El
Exclusive of beach-boulder

TABLE 32

Crude Estimates of the Number

1,500,000

a/250,000-
220,000

190,000
150,000

72,000
70,000

28,000
28,000

5,000

6,000

2,519,000

nesters.

of Breeding Seabirds

on St. Paul Island, 1976——.—

Thick-billed murre

Common murre

Parakeet auklet

Black-legged kittiwske

Least auklet

Crested auklet

Horned puffin

Red-faced cormorant

Red-legged kittiwake

Tufted puffin

Nmar

Total

~/ Exclusive of beach-boulder nesters.

110,000

39,000

34,000

31,000

23 ,oo&

6,000

4,400

2,500

2,200

1,000

700

253,800
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Perhaps the most feasible method of’ monitoring the Pribilof seabird

populations in the ftxiwre is by recounting our 63 reference ledges on

St. George and the 35 on St. paul. Photos of these sites accompsny  the

data sets we have submitted to NOAA; additional sets are at (a) the

Department of Wildlife Ecology, University of Wisconsin--Madison;

(b) the Environmental Research Institute, hose, Wxotin$ ~ ( L~ce Crai$head);

and (c) with Dr. George Hunt, Department of Population and Environments

Biology, University of California h?vine. Any significant change in the

populations on these reference ledges should reflect changes in the entire

population.

over

this

One special reference site is the least auklet flight count that streims

the airstrip into the Ulslsaia Hill colony. Evidence indicates that

population has declined steadily since the visit of Gabrielson  in

B
1940. During  a short visit to St. George, this flight could be counted

during one day if no other ornithological work was possible. Such a

couht would give an index to the least auklet population although not to

populations of other species.

Finally, in regard to the Aleut impact on local bird populations, we

offer the opinion that in 19’75-76 Aleuts had a negligible effect on sJ.1

species on the Pribilofs. The birds primarily affected by hunting were

the thick-billed murre and the red-legged kittiwake.  Our friends on

St. George

ammunition

expensive.

cliffs and

estimated that a family ate around 800 birds in 1975 when

was plentiful and around 300 birds in 1976 when it was

About 20 such large families live on St. George.

Most hunting is done in May by wing shooting along the low

beaches. There is some crippling loss when this takes place.

Birds are also shot on the water occasionally, from em outboard powered
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skiff. This is considerably more efficient , and we have seen 80 birds

collected in about 2 hours. Wing shooting

while shooting from a boat harvests mostly

utilized.

Egg collecting as mentioned before is

harvests mostly kittiwakes,

murres. All birds shot are

a
also negligible and affects

only birds on the low, accessible cliffs or near cliff tops in what is

probably marginal habitat.

Whatever disposition is made of the bird cliffs (wildlife refuge

or sanctuary are possibilities), the Aleuts should certainly retain their

traditional hunting and fowling rights; they will not damage the popula-

tions. The threat to cliff-nesting species, especially murres, from too-

close aircraft is much greater.
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Plate 1

St. Gzorge Island on a clear day, 5 August
197’5. Highest poi~t of bluffs (1012 ft.) in
foregroud, Si. George Village in.backh~ound. u
Red-legged kittiwakes and thick-billed zmrres
are seen.
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Plate 2

St. George Island on a foggy day, June A975.
Zapadni beach, North end. R. Squibb (left) and
L. Craighead counting birds on reference ledge.
This is one of two short sandy beaches on the
island.



Plate 3

St. George Id., Ulakaia Ridge least auklet
colony (site 56) showing locations of fixed quad-
rats. 1. to r. 175 m., h50 m., 750 m. 22 June
1976



Plate 4

St. George Id. , high bluffs, 5 Aug. 1976.
Promontory Point on right.



Plate 5
St. George Id. , Pinnacle Point (ledge 53)

outlined, 29 July 1976. Daily  ledge.a~tendance

counts were carried out from the beach below

-. —

plate 6 ~
St. Geor~e Id., south side of island, I:!arvin

Gardens or Kittiwalie  Heaven (ledge 33) outlined,
. .?

L

-@
29 July 1976. Spot marked at top of’ photo is a
randomized photo qu@rat point for stratum 2.
This was moved down to accommodate a 90G m2 grid
from 65 n above the beach to the cliff top (95 m

, in height) , a sample from stratum 2. This grid is
approximated by a small plastic overlay.


